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ADVERTISEMENT. 


The  present  series,  entitled  ^'  Smithsonian  Miscellaneous  Col- 
lections," is  intended  to  embrace  all  the  publications  issued 
directly  by  the  Smithsonian  Institution  in  octavo  form ;  those 
in  quarto  constituting  the  '^Smithsonian  Contributions  to 
Knowledge."  The  quarto  series  includes  memoir s,  embracing 
the  records  of  extended  original  investigations  and  researches, 
resulting  in  what  are  believed  to  be  new  truths,  and  constituting 
positive  additions  to  the  sum  of  human  knowledge.  The  octavo 
series  is  designed  to  contain  reports  on  the  present  state  of  our 
knowledge  of  particular  branches  of  science ;  instructions  for 
collecting  and  digesting  facts  and  materials  for  research ;  lists 
and  synopses  of  species  of  the  organic  and  inorganic  world; 
museunoL  catalogues;  reports  of  explorations;  aids  to  biblio- 
graphical investigations,  etc.,  generally  prepared  at  the  express 
request  of  the  Institution,  and  at  its  expense. 

In  the  Smithsonian  Contributions  to  Knowledge,  as  well  as  in 
the  present  series,  each  article  is  separately  paged  and  indexed, 
and  the  actual  date  of  its  publication  is  that  given  on  its  special 
title-page,  and  not  that  of  the  volume  in  which  it  is  placed.  In 
many  cases  works  have  been  published  and  largely  distributed, 
years  before  their  combination  into  volumes. 

S.  P.  LANGLEY, 

Secretary  8.  I. 
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A  PREFATORY  NOTE. 

Doctor  Giuseppe  Sergi,  professor  of  Anthropology  in  the 
Royal  University  of  Rome,  Italy,  has  made  for  himself  a  distin- 
g^shed  position  by  the  ardor  with  which  he  has  pursued  the 
branch  of  science  which  he  represents  and  the  numerous  valuable 
contributions  he  has  made  to  its  literature.  A  brief  sketch  of  his 
career  will  form  an  appropriate  introduction  to  the  summary  of 
his  doctrines  of  craniology  which  is  here  translated.  ^ 

Dr.  Sergi  was  bom  in  Messina,  Sicily,  in  1841.  His  academic 
education  was  received  in  the  Universities  of  Messina  and 
Bologna,  where  he  devoted  himself  especially  to  the  departments 
of  comparative  anatomy  and  the  philology  of  the  Indo-European 
languages.  In  1880  he  was  appointed  to  the  chair  of  Anthro- 
pology in  the  University  of  Bologna,  and  four  years  later  to  the 
same  position  in  the  Faculty  of  Sciences  of  tiie  University  of 
Rome.  In  this  field  he  has  shown  much  energy,  having  by  his 
personal  exertions  founded  there  the  Museum  of  Anthropology 
and  the  Laboratory  for  Experimental  Psychology.  His  lectures 
are  attended  by  a  constantiy  increasing  class,  and  on  the  org^i- 
zation  of  the  Society  of  Anthropology  of  Rome  he  was  chosen 
as  its  first  president,  which  position  he  still  holds.  He  is  also  a 
regular,  corresponding  or  honorary  member  of  many  learned 
societies  in  his  own  and  other  countries,  among  which  may  be 
mentioned  in  the  United  States  the  Anthropological  Society  of 
Washington,  the  American  Philosophical  Society,  and  the  Numis- 
matic and  Antiquarian  Society  of  Philadelphia. 

His  published  works  have  been  very  numerous,  beginning  with 
"  Principles  of  Psychology,"  in  two  volumes,  issued  at  Messina  in 
1874,  and  of  which  a  new  edition  is  announced  for  this  year  (1894). 
These  writings  include  a  wide  variety  of  subjects  in  physical  and 
psychical  anthropology  and  in  education.  Some  are  of  a  popular 
character,  but  the  majority  are  strictiy  scientific  and  have  been 

'  Le  Varieti  Umane.  Principi  t  methodo  di  classificazione.  Di  Giuseppe 
Sergi.    Torino,  1893.    8vo,  pp.  60. 
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issued  by  learned  societies  and  journals.  Of  especial  note  have 
been  his  studies  on  the  prehistoric  peoples  of  the  coasts  of  the 
Mediterranean;  on  the  native  tribes  of  Melanesia;  on  human 
degeneration  and  criminal  anthropology;  on  the  characteristics  of 
the  female  sex;  and,  in  American  subjects,  on  the  physical  anthro- 
pology of  the  Fuegians,  on  skulls  of  the  Omaguas,  on  ancient 
Peruvian  skulls,  and  general  considerations  on  American  skulls. 
His  attention  has  been  fruitfully  attracted  to  the  pigmy  races 
of  Europe  and  to  the  varieties  of  the  human  species  found  in  mod- 
em and  ancient  Russia,  especially  to  the  remains  exhumed  from 
the  "kourgfans,"  or  ancient  sepulchral  tumuli,  which  exist  in 
various  districts  of  that  state. 

D.  G.  Brinton. 


THE  VARIETIES  OF  THE  HUMAN  SPECIES. 

PRINCIPLES    AND    METHOD    OF 
CLASSIFICATION. 

By  Giuseppe  Sergi. 


PART  FIRST. — Basis  of  Human  Classification. 

L 

In  man,  as  in  other  animals,  we  find  physical  characteristics  of 
two  kinds,  external  and  internal.  The  first  are  principally  those 
pertaining  to  the  cutis  and  certain  cutaneous  appendages,  and 
include  the  coloring  of  the  skin  and  hair,  the  structure  and  form 
of  the  hair,  and  also  the  coloring  of  the  eyes.  The  chief  internal 
characteristics  are  the  bones  from  which  the  form  and  figure  of  all 
the  members  are  taken,  as  well  as  those  of  the  separate  parts  of  the 
body  clothed  with  soft  tissues,  such  as  muscles  and  fat.  The  ^ 
cranium  is  the  most  important  and  most  characteristic  part  of  the 
entire  human  skeleton. 

The  cranium  is  a  bony  case  which  encloses  a  viscus  of  the  first 
order,  the  brain,  which  in  man  is,  in  relation  tp  the  animal  series, 
better  developed,  both  in  its  forms  and  functions.  It  is  known 
that  the  brain  and  cranium,  from  the  embryplogical  to  the  adult 
states  are  in  a  parallel  manner  and  gradually  connected  in  evolu-  ^ 
tion,  and  the  external  form  of  the  one  corresponds  to  that  of 
the  other.  Most  certainly  it  is  not  the  cranium  which  gives  form 
to  the  brain  of  man;  it  is  more  probable  that  it  is  the  brain 
which  moulds  its  organ  of  protection.  Given  hereditary  condi- 
tions, we  may  affirm  that  the  form  of  the  cranium  is  correlative  to 
that  of  the  brain.  If  we  could  discover  why  the  brain  takes  or 
has  taken  different  forms  we  would  possibly  understand  better  its 
corespondence  with  the  exterior  structure  of  the  cranium  by  which 
it  is  surrounded,  though  absolutely  ignorant  now.    We  might  be 
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able  to  leam  also  what  functional  and  especially  what  psychologi- 
cal characteristics  are  united  to  the  cerebral  forms  which  are 
revealed  by  cranial  forms.  All  that  is  obscure  for  us,  and  also 
unexplored,  because  unsuspected;  for  in  place  of  that,  and  in  an 
inexact  manner,  the  volume  has  been  taken  into  account  and 
therefore  the  weight  of  the  brain,  as  being  the  only  means  of  mak- 
ing an  anthropological  diagnosis  of  its  functional  value,  the 
volume  and  weight  corresponding  to  the  capacity  of  the  cranium. 

But  besides  the  cranium  commonly  called  cerebral,  there  is  the 
face,  which,  from  the  morphologic  point  of  view,  is  not  less  impor- 
tant. The  face  has  generally  given  more  positive  means  for  dis- 
tinguishing human  groups,  not  only  on  account  of  the  coloring 
of  the  skin,  but  on  account  of  the  form  and  disposition  of  its  parts, 
of  the  nose,,  of  the  cheeks,  of  the  molar  teeth,  and  on  account  of 
other  characteristics  which,  when  considered  together,  disclose 
differences  not  immediately  revealed  by  the  cerebral  cranium. 

The  other  parts  of  the  skeleton  also  have  differences  more  or 
less  profound  in  the  different  ethnic  groups,  the  stature,  the  length 
of  the  extremities,  both  absolutely  and  relatively  to  the  stature 
and  to  the  trunk;  the  thoracic  form;  and  so  on.  But  such  differ- 
ences seem  little  characteristic  compared  to  those  presented  by  the 
cranium  and  the  face;  until  now,  moreover,  they  have  had  but 
slight  value,  as  should  have  those  characteristics  of  classification 
which  are  merely  secondary. 

We  are  ignorant  what  may  have  been  the  primitive  type  or  the 
primitive  human  types,  considered  in  all  their  internal  and  external 
characteristics;  that  is,  what  skeletal  forms  certain  ethnic  groups 
of  differently  colored  skin  possessed;  or,  on  the  other  hand,  what 
color  of  skin  and  hair  belonged  to  certain  skeletal  forms.  That 
difficulty  is  caused  by  a  fact  easy  to  understand,  by  the  mingling 
of  different  types  among  each  other,  and  by  the  hybrid  forms 
from  which  man  is  derived.  It  is  true,  however,  that  certain 
hybrid  results  seem  to  be  limited  to  certain  regions  and  to  a  few 
human  groups;  and  that,  on  account  of  this,  the  elements  which 
have  furnished  such  products  may  be  learned  up  to  a  certain 
point;  but  in  the  beginning,  at  least,  it  will  be  necessary  to  leam 
the  structures  of  the  parts  from  which  hybrids  are  derived. 

It  is  impossible  not  to  admit  human  hybridism,  since  it  is 
demonstrated  clearly  by  all  anthropologists;  in  this  direction. 
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America  alone  shows  us  a  perfect  example  of  experimental  anthro- 
pology. It  is  now  determined  from  observations  that  human 
hybridism  is  multiform  among  ?\\  peoples;  but  what  we  learn 
from  that  example  is  the  exchange  of  external  characteristics  and 
their  mixture  with  those  internal,  that  is,  the  union  of  the  external 
characteristics  of  one  ethnic  type  with  the  internal  characteristics 
of  another  type.  Thus,  one  may  observe  the  color  of  the  skin  and 
hair  with  its  special  form  united  to  characteristics  of  skeletons 
which  -do  not  generally  belong  to  t3rpes  of  that  color,  and  vice 
versa.  That  may  be  observed  concerning  certain  characteristics, 
and  not  of  all;  such  as  the  stature,  or  the  face,  with  its  soft  cover- 
ing, or  the  form  of  the  cranium  only. 

If  we  study  our  European  populations  which  are  called  white, 
but  which  have  many  gradations  of  whiteness,  we  may  note  the 
great  mixture  of  characteristics,  a  mixture  which  is  changeable, 
from  which  results  a  great  variety  of  forms  of  individual  types, 
constituted  of  characteristics  differing  from  each  other.  An 
analysis  must  be  very  accurate  and  very  minute  to  discriminate 
these  different  elements  which  exist  in  the  composition  of  the 
ethnic  characteristics  of  individuals  and  peoples.  These  mixtures 
and  these  combinations  of  characteristics  differ  according  to  the 
character  and  number  of  elements  existing  in  the  various  nations 
of  the  south,  the  center,  or  the  north  of  Europe.  They  arise 
from  different  relations  with  mixed  peoples. 

What  is  most  important  in  this  human  hybridism,  so  various 
and  so  complex,  is  the  lack  of  the  blending  of  the  external  and 
internal  characteristics  from  which  new  human  varieties  may  be 
had-  Among  the  different  ethnic  elements  there  exists  only  a 
relation  of  position,  called  syncretism,  or  propinquity  of  charac- 
teristics, and  therefore  a  facility  for  forming  small  groups.  Such 
a  phenomenon  has  already  been  recognized  in  America,  and  it  is 
evident  in  Europe  among  peoples  who  appear  little  homogeneous, 
if  a  careful  observation  separates  the  characteristics  constituting 
ethnic  types  and  those  of  individuals  in  a  mixed  population. 

If  there  were  no  other  cause  for  such  an  absence  of  blending 
among  the  characteristics  of  human  hybridism,  this  cause  would 
exist,  that  the  relations  which  produce  the  mixtures  are  not  equal 
and  constant,  but  are  varied  and  inconstant.  If  there  should  be 
the  union  of  two  pure  ethnic  types  only,  for  several  generations, 
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we  should  be  able  to  derive  a  hybrid  product  constant  and  fixed, 
as  among  animals  and  plants;  but  a  third  element,  either  pure  or 
mixed,  arrives  in  the  second  or  third  generation  of  man,  and  so  on 
indefinitely.  Thus  it  is  easy  to  understand  how  unstable  must  be 
the  characteristics  of  the  hybrid,  for  they  can  scarcely  survive  in 
one  individual  for  a  generation.  The  hybrids  which  follow  may 
have  characteristics  of  different  types,  with  the  tendency  each 
time  to  have  these  reappear  by  heredity,  although  not  blended  and 
not  fixed  in  the  individual. 

To  this  should  be  added  another  fact,  that  of  individual  variation, 
which  is  present  in  man,  as  in  other  animals,  increased  by  his  con- 
stant intemiinglings,  which  may  be  considered  stimulants  of  this 
phenomenon,  as  has  been  suggested  by  Darwin  and  Wallace. 

Hence,  I  conclude  from  my  observations,  that  human  hybridism 
is  a  syncretism  of  characteristics  belonging  to  many  varieties,  and 
that  these  do  not  modify  the  skeletal  forms  as  do  individual,  varia- 
tions, and  that  hybridism  may  affect  different  parts  of  the  skeleton, 
constituting  characteristics  in  themselves  distinct  The  stature, 
the  thoracic  form,  the  proportion  of  the  long  bones,  may  be  united 
with  external  characteristics  differing  from  each  other,  as  well  as 
from  different  cranial  structures.  The  cranial  form  may  be  asso- 
ciated with  different  facial  forms,  and  inversely.  It  happens,  how- 
ever, that  the  structures  taken  separately  remain  in  part  unvaried 
in  the  hybrid  constitution.  The  face  preserves  its  own  character- 
istics in  spite  of  the  union  of  different  cranial  forms;  so  also  the 
cranium  preserves  its  structures,  associating  them  with  different 
facial  forms.  The  stature  preserves  its  own  proportions  in  spite 
of  its  association  with  different  cranial  and  facial  types,  and  m 
spite  of  the  different  coloration  of  the  skin  and  the  form  and  color 
of  the  hair.  All  this  may  be  affirmed,  particularly  of  much  larger 
human  groups  which,  according  to  external  characteristics,  may 
be  considered  much  nearer  than  they  really  are  in  geographical 
position,  as  the  so-called  'white  races  in  Europe,  the  negroes  in 
Africa,  in  Melanesia,  and  so  on. 

Now,  granting  that  all  peoples  exhibit  the  characteristics  of 
hybridism  in  the  manner  just  described,  it  will  be  necessary  to 
learn  how  races,  groups  and  human  families  may  be  classified. 
Let  us  observe  for  a  moment  the  classification  by  means  of  exter- 
nal characteristics,  most  common  among  anthropologists  from 
Linnaeus  to  Quatrefages  and  Flower,  and  we  shall  see: 
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i).  That  the  color  of  the  human  skin  in  one  ^eat  group  of  a 
type,  such  as  yellow,  black,  or  white,  is  of  different  gradations  and 
not  uniform. 

2).  Since,  as  above  stated,  all  peoples,  at  least  in  a  great  measure, 
are  composed  of  hybrid  elements,  it  happens  that  different  ele- 
ments are  united  under  one  category,  which  is,  in  this  instance, 
the  color  of  the  skin^ 

3).  We  must  not  forget  that  the  external  characteristics  are  more 
easily  lost,  and  much  easier  to  acquire,  by  intermixture  and 
heredity. 

A  curious  example  of  what  I  state  is  found  in  human  classifica- 
tion according  to  Quatrefages,  which  perhaps  is  now  the  most 
complete,  considered  only  as  a  classification  by  external  character- 
istics. He  places  the  Abyssinians  within  the  white  race  notwith- 
standing that  they  have  the  negro  coloring,  and  he  does  so 
because  he  believes  that  the  characteristic  form  of  the  skeleton  or 
internal  characteristics  of  the  Abyssinians  are  those  of  the  white 
race.  This  is  without  doubt  inconsistent  when  the  principle  of 
classification  by  color  is  accepted.  This  inconsistency  itself  shows 
the  defect  of  the  method  and  of  the  principles  mentioned  as 
applied  to  human  characteristics  and  their  combination. 

4).  Finally,  as  we  perceive,  the  theory  is  not  justified  that  man 
be  classified  as  a  single  species  with  three,  five  or  more  variations. 

If  the  characteristics  which  present  greater  stability  are  internal 
or  skeletai,  they  should  serve  for  human  classification: 

1st  Because,  notwithstanding  amalgamation  and  consequent 
hybridism,  the  characteristics  originating  in  the  skeleton  are  per- 
sistent 

2d.  Because  they  may  be  taken  as  fixed  points  witli  which  other 
characteristics  may  be  associated,  and  may  be  also  external,  as  I 
shall  demonstrate. 

3d.  Because,  finally,  the  internal  characteristics  can  demonstrate 
the  full  number  of  divisions  and.  subdivisions  in  classifying  ethnic 
groups,  and  in  analyzing  peoples  which  are  a  combination  of  a 
great  number  of  hybrids. 

It  remains  to  determine  which  internal  characteristics  should 
have  the  preference  in  deciding  the  value  of  types  for  classifica- 
tion. If  we  consider  the  human  skeleton,  with  that  object  in  view, 
we  find  three  parts  which  may  serve  for  that  purpose,  the  cerebral 
cranium,  the  face,  and  the  stature,  with  the  long  bones. 
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Stature. — ^The  stature  is  a  good,  but  an  insufficient  characteristic, 
because  it  gives  only  linear  differences,  and  in  its  value  resembles 
greatly  other  external  characteristics,  and  is  associated  with  all  the 
most  dissimilar  derived  from  the  skeleton. 

Face. — ^The  face  offers  very  important  characteristics  for  classi- 
fication, because  it  shows  typical  differences  in  the  ethnic  groups. 
The  face  has  given  more  points  for  the  distinction  of  human  types 
than  the  other  parts  of  the  human  body,  and  would  appear  better 
adapted  for  that  purpose  than  the  cerebral  cranium.  But  the  face 
is  more  disposed  to  individual  variations  than  any  other  part, 
because  it  is  very  complex,  being  composed  of  numerous  small 
bones,  clothed  with  muscles  which  have  continuous  and  important 
functions  relating  to  the  physiognomy,  to  the  expression  of  psychi- 
cal conditions,  and  to  the  nutritive  functions.  These  facts  render 
its  typical  form  less  constant,  and  are,  or  may  be,  the  cause  of  a 
multiplication  of  types. 

Cranium. — The  cerebral  cranium  is  itself  also  liable  to  varia- 
tions. More  than  any  other  organ,  it  exhibits  a  phenomenon 
often  observed  and  clearly  demonstrated  by  me,  that  is,  the  per- 
sistence of  forms  from  immemorial  epochs,  and  their  reproduction 
through  numerous  generations  notwithstanding  amalgamation 
with  other  types.  I  have  demonstrated  such  a  persistence  of 
cranial  forms  in  the  varieties  of  the  Mediterranean  from  the  Neo- 
lithic and  from  the  most  ancient  Egyptian  epochs;  other  anthro- 
pologists have  recognized  such  persistence  in  European  types  of 
the  Quaternary  epoch,  and  in  others,  very  ancient,  from  America. 
This  cannot  be  said  of  the  structure  of  the  face. 

Therefore  if  the  human  cranium  is  accepted  as  the  basis  for  the 
classification  of  human  groups,  positive  results  may  be  had: 

1st  In  groups  which  have  been  subjected  to  mixture  in  what- 
ever epoch  or  however  many  times,  the  distinctive  ethnic  elements 
may  be  discerned  by  examining  the  cerebral  cranium  only,  which, 
remaining  unaltered  in  type^  may  be  found  united  by  hybridism 
with  other  internal  and  external  characteristics.  For  the  cranium 
is  the  point  about  which  revolve  all  other  variations  of  form,  either 
in  hybridism  or  in  the  human  form  itself. 

2d.  Knowing  the  cranial  types  of  a  people  who  seem  more  or 
less  homogeneous,  we  are  sure  of  learning  of  what  and  how  many 
ethnic  elements  it  is  composed,  notwithstanding  the  hybridism 
present. 
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3d.  Having  classified  all  the  cranial  types  in  different  regions 
and  among  different  peoples,  we  may  learn  by  their  gepgraphical 
distribution  the  numerical  extension  of  types  and  also  their 
geographical  origin;  that  is,  the  place  of  departure  and  the  course 
of  emigration  and  dispersion  of  such  forms. 

4th.  Then  it  will  be  easy  to  learn  what  cranial  characteristics 
are  found  among  populations  which  already  have  ethnic  names, 
ancient  and  modem,  and  to  discover  among  them  points  of  simi- 
larity and  difference. 

Being,  therefore,  obliged  on  acount  of  universal  human  hybrid- 
ism to  select  as  a  guide  to  classification  the  most  important  and 
the  most  useful  of  the  internal  characteristics,  we  find  greater 
advantages  in  choosing  the  human  cranium,  about  which  all  the 
other  characteristics,  internal  and  external,  are  grouped.  If  we 
select  one  characteristic,  or  a  number  of  variable  characteristics, 
we  shall  find  ourselves  in  the  same  position  as  other  anthropolo- 
gists who  classify  by  external  or  accessory  traits.  It  follows  that 
accepting  the  cranium  as  the  principal  internal  characteristic,  we 
impliedly  accept  the  brain  in  its  various  forms,  and  the  brain  is  the 
most  important  of  human  organs. 


11. 

The  classification  of  man  by  means  of  the  cranium  alone  is  by  no 
means  new.  It  will  be  well  to  consider  these  schemes,  from  that 
of  Retzius  down  to  the  last,  tliat  of  KoUmann.  Nor,  indeed,  is 
the  conception  of  the  importance  and  superiority  of  the  cranium 
for  distinguishing  ethnic  groups  by  any  means  recent  To  show 
that,  we  have  but  to  refer  to  the  enormous  work  which  has  been 
done,  from  Morton  to  Davis  and  Thurman,  from  Broca  to  G. 
Retzius,  to  De  Quatrefages,  to  von  Holder,  to  Ecker,  to  His  and 
Rutimeyer,  to  Virchow,  to  Ranke,  to  others  still  more  numerous, 
in  Italy,  from  Nicolucci  to  Mantegazza. 

Notwithstanding  so  much  labor  expended  on  the  human  cra- 
nium, satisfactory  results  were  not  reached,  nor,  indeed,  I  may 
affirm,  have  we  yet  reached  them,  at  least  not  in  the  signification 
which  I  intend  these  results*  to  have.  The  fault  lies  in  the  nature 
of  the  method  of  studying  the  human  cranium  and  in  the  value 
attributed  to  craniometry. 
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The  classification  of  Retzius  is  based  upon  a  single  characteristic 
of  the  cranium,  which,  however,  is  merely  the  numerical  expres- 
sion of  the  norma  verHcalis  of  Blumenbach,  that  is,  the  cephalic 
index. 

According  to  Retzius  we  have  only  two  forms  of  crania,  the  long 
and  short;  though,  in  fact,  many  forms  of  short  and  long  crania 
are  found  differing  very  much  from  each  other. 

When  craniometry  was  developed  in  a  systematic  manner,  fol- 
lowing principally  the  work  of  Broca,  it  appeared  the  key  of 
anthropology,  and  took  the  first  place  among  means  of  investi- 
gations, as  being  the  most  effectual  method  for  distinguishing 
human  races.  The  French  exaggerated  its  value;  the  Italians 
followed  with  zeal,  in  spite  of  the  skepticism  of  Mantegazza,  the 
head  of  the  Florentine  school  of  anthropology;  the  Germans 
have  been  more  rational,  and  with  them  the  Swiss,  represented  by 
His  and  Rutimeyer.  At  the  head  of  them  I  would  place  Blumen- 
bach, who  based  his  small  but  valuable  book  upon  a  rational  foun- 
dation.^ The  Germans  try  to  establish  cranial  type  almost  or 
entirely  independent  of  the*  cephalic  index;  as  one  may  see  from 
the  works  of  von  Holder,  of  Ecker,  of  His  and  Rutimeyer,  of 
Virchow,  of  KoUmann,  of  Ranke  and  others.  In  my  opinion  the 
German  method  is  an  approximation  to  the  truth,  but  unfortunately 
the  conception  of  type  is  undeveloped  and,  I  should  say,  has 
remained  rudimental,  because  craniometry,  like  a  pernicious  weed 
among  the  grain,  injures  the  harvest  Virchow,  the  most  pro- 
nounced scholar  in  anthropology,  and  the  man  who  has  studied 
more  than  all  others  the  crania  of  all  peoples,  believes  that  the 
germ  of  a  sound  anthropology  should  develop  from  it.  He  con- 
cedes only  a  secondary  value  to  craniometry;  but,  nevertheless,  in 
his  last  work,  precisely  when  he  distinguishes  types^  attempting 
to  establish  them  definitely,  he  determines  them  by  craniometry 
alone.  In  fact,  in  his  great  work,  Crania  Ethnica  Americana, 
he  defines  types  in  this  manner:  "  Die  Form  ist  long,  schmal  und 
relativ  hoch,"  or, "  Die  Form  des  Schadels  ist  h)rpsi-brachycephal,'' 
and  gives  the  index  and  the  measures.  Now  the  reader  who  will 
observe  that  the  Araucanians,  the  Pampeans,  the  Chilians  of 
Huanilla  and  of  Copiapo,  and  the  Peruvians  of  Iquique,  have  the 

^  De  generis  kumani  vnrietatt  native.     Ilia  edit.     GOttingen,  1795. 
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hypsi-brachycephalic  form  of  cranium,  will  not  understand  why  the 
illustrious  author  constitutes  of  them  different  types,  defining 
them  always  with  the  often-repeated  proposition,  "  Die  Form  des 
Schadels  ist  hypsi-brachycephal."  That  the  forms  of  such  crania 
differ  is  evident  from  the  fine  lithographs,  and  not  from  the 
description^  much  less  from  the  definition.  Why  has  the  cele- 
brated anthropologist  stopped  on  the  way  and  has  not  developed 
the  idea  already  promulgated  by  him  and  by  his  compatriots? 
I  find  in  the  Crania  Helvetica  and  in  the  Crania  Gertnanica  of  von 
Holder  and  of  Ecker  that  the  conception  of  type  is  more  evident 
and  has  also  a  nomenclature,  which  is  the  only  means  of  distin- 
guishing typical  forms. 

According  to  my  observations  upon  craniometry,  which  has  now 
become  cabalistic,  especially  in  France,  oil  account  of  the  abuse 
of  measures  and  numerical  ciphers,  the  indices  of  the  cranium  and 
face  are  taken  as  a  means  of  distinguishing  races,  human  groups, 
as  we  might  call  them,  and  other  measures  are  either  omitted  or 
applied  only  to  individuals.  In  order  to  be  convinced  we  should 
carefully  and  conscientiously  study  the  craniometrical  works  of 
Dr.  Danielli,  of  Florence,  upon  the  Nias  and  Bengalese.  The 
author  has  not  been  able  to  find  satisfactory  results  after  persever- 
ing researches,  but  whoever  would  seek  evidence  of  individual 
variations  will  find  more  than  enough.  It  seems  to  me,  therefore, 
that  the  method  by  measurement  may  serve  this  purpose^  that  is, 
to  discover  numerically  individual  differences,  but  never  those 
typical  of  a  race.  But  such  a  discovery  is  useless,  since  we  are  all 
convinced  of  the  existence  of  individual  differences.  I  will  there- 
fore add  that  such  differences,  to  be  valuable,  must  be  sought,  not 
among  forms  differing  from  each  other,  but  among  individuals  of 
the  same  type.  That  implies,  therefore,  necessarily  and  always, 
the  search  for  types  and  their  distinction,  which  is  not  possible  by 
means  of  the  craniometrical  method. 

Craniometry  considers  two  forms,  with  a  third  of  transition :  the 
cranium  long,  and  relatively  narrow;  the  cranium  wide,  and  rela- 
tively short,  that  is,  dolicho-  and  brachycephalic,  the  form  between 
which  is  mesocephalic.  These  forms,  as  I  have  said,  are  expres- 
sions of  the  normal  line  of  Blumenbach,  but  imperfect,  inexact 
and  insufficient,  as  a  brief  demonstration  will  show. 
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Let  AA'  be  the  antero-posterior  diameter  of  a  cranium,  BB' 
the  greatest  transverse;  it  is  evident  that,  given  the  norma  verti- 
calis  with  such  diameters  and  with  the  greatest  transverse  at  the 
conjunction  of  the  line  BB',  this  norma  verdcalis  takes  a  particu- 
lar form  on  account  of  the  curves  which  surround  the  two  diame- 
ters. This  line  or  curve,  which  surrounds  them,  is  called  X.  If 
the  greatest  transverse  is  placed  back  and  is  made  to  coincide  with 
the  line  CC,  the  curve  will  be  modified  and  will  no  longer  be  X 
but  Y.  That  will  be  equally  true  if  the  transverse  diameter  is 
placed  still  further  back  at  DD',  EE',  FF';  then  we  shall  have  a 
third  curve  Z,  a  fourth,  a  fifth,  n^  that  is,  we  shall  have  as  many 
different  vertical  curves  on  account  of  the  changing  of  the  diame- 
ter of  the  width,  as  the  index  causes ;  that  is,  the  relation  between 
the  length  and  the  width  will  be  the  same. 

'From  this  it  may  be  judged  how  much  more  will  the  norma 
verticalis  vary  if  the  form  of  the  curve  circumscribing  the  two 
diameters  be  modified  in  other  ways,  that  is,  by  the  frontal  width, 
by  the  occipital  form,  and  so  on.  If  we  also  add  the  lateral  curves, 
those  posterior  and  anterior,  which  serve  to  show  the  form  of  this 
irregular  body,  we  shall  easily  be  convinced  that  the  cephalic  and 
vertical  index  cannot  give  the  cranial  form.  That  is  why  I  have 
above  stated  that  the  expression  of  Virchow,  "The  form  of  the 
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cranium  is  hypsi-brachycephalic/'  is  insufficient  to  define  the 
form.  While  cranial  tj'pes  so  defined  have  equal  indices,  their 
curves  differ  in  degree,  and  therefore  the  skull  may  or  not  be 
hypsi-brachycephalic.  It  is  just  as  if  we  attempt  to  calculate  the 
size  of  an  ellipsis  by  means  of  the  relation  of  its  two  axes.  Two 
ellipses  equal  in  this  relation  may  be  unequal  in  size,  and  this  is 
why  these  two  relations  cannot  be  compared.  It  is  the  same  in 
regard  to  the  cephalic  and  vertical  indices  of  the  cranium. 

If  it  were  true  and  there  were  no  doubt  respecting  the  value  of 
the  celebrated  cephalic  index  in  determining  cranial  forms,  it 
would  follow  that  all  human  crania  of  whatever  type  and  volume 
should  be  placed  in  the  three  categories  of  doHcho-,  meso-,  and 
brachycephalic,  or  of  hypsi-,  ortho-,  and  chamaecephalic.  Thus 
all  the  populations  of  the  earth,  either  of  white,  yellow,  black  or 
red  skin,  would  have  crania  belonging  to  the  three  categories.  A 
classification  solely  according  to  the  cephalic  index  is  therefore  an 
absurdity.  It  is  incoherent  and  without  meaning,  as  are  those  of 
Retzius  and  Kollmann. 

This  conclusion  is  so  true  that  such  anthropologists  are  obliged 
to  add  descriptions  to  the  forms  of  each  part  of  the  cranium,  in 
order  to  distinguish  it,  recog^zing  the  insufficiency  of  cranial 
data.  Such  descriptions  can,  to  a  certain  degree  only,  supply  the 
defect  of  the  method,  but  they  always  remain  incomplete,  and 
leave  the  forms  or  types  of  the  human  cranium  of  various  popu- 
lations and  regions  indefinite.  The  French  school  has  gone  still 
farther  and  has  supplied  the  deficiency  with  an  infinite  number 
of  measurements,  which  only  increase  the  obscurity,  leaving  the 
conception  of  the  form  more  uncertain,  and  fatiguing  the  most 
patient  student,  who  becomes  convinced  of  never  reaching  any 
satisfactory  result  from  such  a  confused  accumulation  of  numbers. 

In  order  to  render  classification  more  definite,  or  for  the  sake 
of  finding  a  second  characteristic  which  might  be  associated  with 
the  cephalic  index,  Retzius  turned  his  attention  to  the  prognath- 
ism and  the  orthognathism  of  the  molar  teeth;  KoUmann  to  the 
facial  index.  Use  could  be  made  of  the  nasal  index  instead  of  the 
fecial,  or  the  orbital  index,  or  any  isolated  characteristic,  and  we 
should  have  the  same  results.  The  combinations  given  by  Ret- 
zius and  KoUmann  are  possible,  but  cannot  indicate  races  or  varie- 
ties, from  the  fact  that  they  are  hybrid  associations. 
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I  need  not  make  a  longer  demonstration  of  what  I  have  affirmed, 
that  classifications  of  human  groups  have  been  attempted  by 
means  of  the  cerebral  cranium,  but  have  not  been  successful  on 
account  of  deficiency  of  method;  and  that  the  craniometrical 
method,  still  so  undeveloped,  has  not  yet^  nor  cannot,  give  those 
results  while  there  is  an  exaggeration  of  an  exact  principle,  that  of 
expressing  numerically  facts  relating  to  the  cranium.  It  seems  to 
me,  after  several  years  of  study,  and  after  having  adopted  the 
accepted  form  of  craniometry,  for  want  of  a  better,  that  it  is  time 
to  establish  for  our  use  and  for  the  study  of  the  variations  of  man, 
a  natural  method,  resembling  that  which  is  used  in  zoology  and 
botany,  and  of  which  I  laid  the  foundation  about  two  years  ago. 


III. 

The  human  cranium  presents  two  kinds  of  variations:  the  first 
are  those  which  change  their  general  form  and  present  types  differ- 
ing from  each  other;  the  second  are  those  which  do  not  change 
their  typical  form.  The  first  have  stabl©  characteristics,  therefore 
hereditary,  and  which  passing  through  many  generations  remain 
unaltered  and  persistent;  the  second  are  the  variations  of  the  indi- 
viduals of  a  type,  and,  of  course,  being  transitory,  do  not  in  any 
way  alter  the  typical  forms;  they  are  the  so-called  "individual" 
variations. 

There  is  no  need  of  recapitulating  the  facts  which  relate  to  varia- 
tions in  the  human  cranium,  nor  of  seeking  their  causes^  since  the 
investigations  of  Darwin,  Wallace  and  others  concerning  the 
variability  of  organisms,  well  known  to  all  students  of  biology. 
I  would  simply  state  that  the  various  phenomena  of  variation  are 
repeated  in  man,  and,  for  the  case  in  point,  in  the  human  cranium. 

The  relation  which  exists  between  the  two  kinds  of  variations 
is  close,  and  it  is  possible  to  admit  that  individual  variations  have 
given  origin  to  permanent  variations,  just  as  it  is  easy  to  accept  the 
idea  that  the  process  of  variation  in  animals  and  in  man  in  the 
cranium  and  the  brain  is  continuous  and  constant.  However 
that  may  be,  an  observer  accustomed  to  large  and  small  series  of 
human  heads  perceives  immediately  that  such  series  may  be 
divided  into  groups,  different  and  distinct,  according  to  the  form 
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of  the  cranium  itself,  and  that  some  difference,  often  ^difficult  to 
describe  or  explain,  exists  among  the  elements  of  the  groups; 
and  this  difference  is  derived  precisely  from  the  individual  varia- 
tions of  the  groups  themselves.  While  the  character  of  individual 
variations  is  transitory,  the  character  of  those  which  give  typical 
forms  is  permanent;  their  persistence  consists  in  being  hereditary 
and  numerous  in  each  generation. 

We  know  that  the  so-called  "  species  "  of  the  animal  kingdom 
have  forms  derived  from  some  variations  of  characteristics,  and 
that  they  are  such  because  the  variations  from  the  mother-species 
are  permanent  and  become  transmitted  by  heredity.  These 
forms  may  be  called  "  varieties  "  of  the  "  species,"  or  races,  accord- 
ing to  some,  or  subspecies,  according  to  others.  We  will  call 
them  "varieties,"  because  the  name  indicates  their  immediate 
origin.  According  to  Darwin,  a  variety  is  a  species  in  the  process 
of  formation,  because  it  still  bears  many  characteristics  of  the 
species  from  which  it  is  derived,  and  cannot  become  an  inde- 
pendent form,  like  the  species  itself,  until  it  acquires  still  more 
diverging  characteristics. 

If  we  apply  this  principle  to  the  human  cranium,  we  should 
first  learn  if  man  comprises  a  single  species,  as  many  anthropo- 
logists believe,  or  has  many  species.  In  the  first  case,  the  typical 
variations  of  the  cranium  would  certainly  be  varieties;  if,  however, 
there  are  several  human  species,  the  problem  becomes  more  com- 
plicated. In  that  case  the  varieties  might  be  of  one  species,  and 
a  primitive  type  be  found  to  which  it  is  allied.  But  if  of  such 
primitive  types  there  were  several,  these  would  form  several 
species  which  should  be  grouped  under  one  genus. 

I  cannot  venture  the  solution  of  the  general  question  regarding 
the  unity  or  plurality  of  the  human  species,  considering  the  actual 
state  of  my  personal  observations,  limited  to  Southern  Europe, 
especially  the  Mediterranean,  to  Oriental  Europe,  and  to  the 
Koui^^ans  of  Russia.  I  should  examine  Asia,  Africa,  Oceanica, 
America,  Central  and  Northern  Europe,  before  being  able  to  give 
an  opinion  on  such  a  problem.  I  will  call  therefore  varieties  only, 
human  varieties,  the  typical  forms  of  the  cranium  which  are 
clearly  distinguished  from  each  other  by  their  own  and  diverging 
characteristics,  while  I  will  suppose  that  such  varieties  may  con- 
verge in  different  species,  of  which  I  cannot  now  give  the  type 
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nor  characteristics.  Meanwhile  it  is  useful  to  know  and  describe 
the  "  varieties  "  under  this  name,  with  the  purpose  of  learning  their 
distribution  in  the  various  regions  of  the  earth. 

With  the  present  uncertainty  about  human  varieties,  I  could 
have  no  intention  of  publishing  a  work  which  would  treat  of  gen- 
eral theories,  nor  would  I  have  thought  of  the  present  pamphlet 
had  not  necessity  demanded  it.  This  essay  is  only  designed  to  give 
direction  to  the  method  of  research,  because  many  students  have 
requested  it,  and  in  order  to  place  before  the  public  ideas  and 
facts  which  others  either  misunderstand  or  condemn  without 
knowing  them. 

Calling  the  typical  forms  of  the  cranium  "varieties,"  we  have 
the  advantage  of  finding  the  differences  or  individual  variations 
of  the  same  type,  and  also  certain  differences  which  cannot  be 
reduced  to  individual  variations,  but  which  are  equally  repeated 
as  diverging  characteristics  of  the  same  variety:  these  constitute 
subordinate  groups  or  «  subvarieties."  The  "  subvariety  "  there* 
fore  diverges  from  the  "  variety  "  by  a  new  characteristic  which  it 
retains  in  a  persistent  manner.  We  have  an  easy  means  of  recog- 
nizing varieties  and  subvarieties,  and  of  distinguishing  them 
from  individual  variations.  The  latter  are  not  repeated,  or  if  there 
is  repetition  it  is  accidental;  varieties  are  repeated  by  groups 
more  or  less  large,  which,  in  addition,,  have  individual  variations; 
the  subvarieties  also  repeat  in  lesser  groups  that  characteristic  or 
those  characteristics  of  the  variety  from  which  they  are  derived. 

One  of  the  difSculties  of  craniologists  is  how  to  find  the  limits 
of  individual  variations,  how  to  distinguish  them  from  typical 
forms,  or  to  admit  that  all  cranial  variations  may  be  individual, 
especially  if  one  population  is  studied  without  reflecting  that  any 
population  is  invariably  a  composition  of  many  varieties,  notwith- 
standing the  misleading  appearance  of  the  external  form  and  the 
exterior  characteristics.  We  can  clearly  and  easily  distinguish  by 
my  method  the  individual  variations  from  the  true  and  constant 
varieties  and  from  the  subvarieties,  and  we  caa  make  a  complete 
analysis  of  populations,  as  I  have  had  numerous  occasions  to 
demonstrate. 

Another  prejudice  of  anthropologists  is  that  human  varieties, 
determined  by  my  method,  may  be  too  numerous.  The  scientist 
cannot,  indeed,   free  himself  of  certain  sentiments  which   are 
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acquired  in  following  scientific  habits  and  which  have  become  a 
part  of  science  and  public  opinion,  because  in  face  of  the  danger 
of  seeing  human  varieties  doubled  or  decupled,  he  feels  an  aver- 
sion, like  an  instinct  of  preservation  for  that  which  is  established 
and  which  has  become  the  belief  of  most  scientists  and  cultivated 
men.  The  human  races  until  now  have  been  either  three,  four  or 
fi\e,  but  never  six;, the  first  time  it  is  affirmed  that  they  may  be 
twenty,  opposition  is  inevitable;  it  is  the  misoneism  of  Lombroso, 
the  inertia  of  the  mind,  which  opposes  such  resistance,  just  as 
matter  is  opposed  to  every  change  in  the  direction  of  its  forces. 
Treating  of  man,  into  which  we  ourselves  enter  with  our  senti- 
ments, the  opposition  is  greater,  even  in  spite  of  good  intentions. 
Notwithstanding  this  psychological  phenomenon  which  influences 
us  all,  the  force  of  facts  is  superior  to  every  inertia  and  sooner  or 
later  will  conquer. 

With  the  observations  and  the  methods  which  I  propose,  I 
believe  that  many  errors  will  be  eliminated  from  anthropology. 
Those  errors  have  been  accepted  because  we  have  never  pos- 
sessed natural  scientific  methods  for  the  study  of  human  classifi- 
cation, such  as  we  have  in  zoology.  To  apply  zoological  methods 
to  man  appeared  to  lower  him  to  his  congenerous  beings;  and, 
while  in  zoology,  science  advances  freely,  in  anthropology,  on  the 
other  hand,  preoccupations  embarrass  researches.  I  observe  that 
such  preoccupations  do  not  exist  in  two  very  eminent  anthro-. 
pologists,  although  the  contrary  at  first  appears  evident  in  one  of 
them — Blumenbach  and  De  Quatrefages — at  least  a  century  apart. 
Blumenbach,  in  a  valuable  littie  book,  attempts  to  apply  the 
zoological  method  to  man,  not  only  for  classification,  but  for  the 
explanation  of  the  causes  of  animal  and  human  varieties.  De 
Quatrefages,  in  his  last  work,  employs  the  same  method  and  the 
same  scientific  freedom.  Unfortunately  the  followers  or  succes- 
sors of  both  have  only  followed  their  masters  in  form,  but  not  in 
method.  Blumenbach,  who,  after  various  researches,  reduces  the 
human  species  to  five  varieties,  finds,  however,  that  human  varia- 
tions are  infinite  in  number.  If  his  method  had  been  followed 
strictiy,  the  number  of  human  varieties  would  long  ago  have  been 
increased,  both  in  respect  to  the  structure  and  the  cranial  forms. 

The  neglect  of  such  methods  and  the  failure  to  distinguish 
human  varieties  by  means  of  the  cranium  has  caused  a  curious 
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error,  that  of  regarding  certain  forms  which  are  typically  normal, 
as  pathological,  as  I  shall  have  occasion  to  demonstrate  in  the 
future  when  I  speak  of  classified  forms.  This  is  apt  to  happen 
when  new  and  unrecognized  forms  are  placed  before  the  observer. 

One  of  the  important  characteristics  in  classifying  the  cranial 
varieties  of  man  is  the  cranial  capacity^  which  has  a  direct  relation 
to  the  volume  and  weight  of  the  brain;  hence  classification  by 
crania  means  the  classification  of  brains  estimated  by  their  form 
and  external  configuration.  Its  importance  is  for  us  increased  by 
the  fact  that  that  which  we  find  among  races  of  animals  occurs 
also  in  man;  that  there  are  races  of  small  and  large  animals,  races 
differing  in  size.  This  is  also  repeated  in  man,  and  we  therefore 
have  large,  medium  and  small  varieties,  as  measured  by  stature. 
The  origin  of  such 'varieties  is  perfectly  analogous  to  that  in  other 
animals.  Nor  is  it  an  accidental  phenomenon,  because  it  is  con- 
firmed by  heredity,  through  numerous  and  indefinite  generations. 

I  have  concluded,  in  studying  cranial  varieties  morphologically 
as  human  varieties,  that  is,  by  their  characteristic  structures,  that 
the  volume  has  a  direct  relation  to  the  form,  that  is,  many  forms 
have  limited  and  definite  capacities,  while  other  forms  have  sub- 
varieties  differing  in  capacity.  Such  varieties  are  analogous  to 
the  stature  of  the  large  and  small  varieties  of  animals.  The 
cranial  capacity,  therefore,  while  it  is  one  of  the  integral  character- 
istics of  the  cranium  in  regard  to  its  classification,  is  also  the  indi- 
cation of  different  varieties  according  to  size.  I  discovered  this 
fact  when  I  classified  for  the  first  time  the  crania  of  Melanesia,  and 
subsequently  I  defined  it  more  accurately  when  I  examined  and 
classified  thousands  of  other  human  crania. 

This  fact  points  to  a  correction  of  the  value  of  cranial  capacity 
and  therefore  of  the  weight  of  the  brain,  until  now  calculated  by 
the  average  without  distinction  among  different  varieties.  The 
cranial  capacity  of  man  varies  from  looo  cc.  to  about  2000  cc.  in 
the  masculine  sex;  this  enormous  difference  is  admitted  as  indi- 
vidual variation,  and  it  is  thus  conceded  that  there  may  be  a  least 
limit  of  normality  possible  which  can  be  ascribed  to  the  function  of 
the  brain,  crania  which  descend  to  1150CC.  being  considered  as 
pathological  microcephali,  according  to  Broca^and  niore  or  less 
according  to  other  anthropologists;  giving,  on  the  other  hand,  a 
great  value  to  a  large  capacity. .  Both  conclusions  are  contrary  to 


THE  VARIETIES  OF  THE  HUMAN  SPECIES.  23 

the  real  significance  of  the  facts.  I  have  found  normal  masculine 
capacities  of  1000  cc.  and  a  little  greater,  representing  small  human 
varieties,  not  being  sporadic  and  individual  phenomena;  and,  on 
the  other  hand,  anthropologists  have  registered  for  eminent  men 
like  Dante,  Gauss  and  others,  very  mediocre  capacities,  even  very 
low,  while  for  ordinary  men  they  have  recorded  a  much  higher 
capacity.  I  have  found  in  Melanesia  normally  constituted  heads 
absolutely  microcephalic,  together  with  megalocephalic  heads, 
belonging  to  varieties  which  have  the  same  social  value;  they  are 
both  inferior,  some  anthropophagous,  and  live  mixed  together  as 
one  people.  That  which  I  have  asserted  concerning  Melanesia 
may  be  said  of  the  ancient  and  modem  populations  of  the  Medi- 
terranean, among  which  are  the  Sicilians,  the  Sardinians,  and  the 
inhabitants  of  Central  and  Southern  Italy;  and  I  do  not  believe  it 
can  be  said  that  there  are  no  signs  of  human  superiority  in  those 
regions.  There  are  not,  therefore,  individual  differences  so  great 
as  from  1000  to  1500  cc,  and  from  1500  to  2000  cc,  but  character- 
istic differences  of  variety  in  human  forms.  The  general  average 
I  therefore  maintain  is  inexact  and  still  further  arbitrary,  because 
it  is  the  average  of  incommensurate  quantities.  The  exact 
average  is  that  between  individuals  of  the  same  variety,  and  the 
difference  is  the  true  individual  variation. 

But  tiiere  is  another  error  to  correct  due  to  the  signification 
which  I  am  able  to  give  to  varieties  distinguished  by  means  ol  my 
method.  It  is  considered  by  some  a  demonstrated  fact  that  the 
cranial  capacity  has  been  increased  in  the  course  of  social  evolu- 
tion from  prehistoric  epochs  to  historic  times.  Eminent  men  have 
affirmed  it,  but  I  have  already  placed  their  conclusions  in  doubt, 
because  the  facts  do  not  appear  to  me  evident  and  affirmative.  I 
wrote  some  years  ago:*  "The  most  important  physical  evolution 
of  man  would  be  that  which  related  to  the  organ  of  the  mental 
functions^  the  brain.  But  the  facts  are  still  very  doubtful  and  very 
obscure  which  relate  to  the  weight  and  volume  of  the  brain,  and 
consequently  to  the  cranial  capacity.  In  a  recent  work  of  Pro- 
fessor Schmidt  I  find  that  the  cranial  capacity  of  the  ancient  pure 
Egyptians  is  1394  cc.  in  the  masculine  and  1257  in  the  feminine 
sex;  in  the  pure  modem  Egyptians  it  is  142 1  in  the  males,  1206  in 

^  Human  Evolution,     Review  of  Scientific  Philosophy,  1888,  Milan. 


24  THE  VARIETIES  OF  THE  HUMAN  SPECIES, 

the  females.  According  to  these  figures  there  would  be  an 
increase  of  the  cranial  capacity  of  the  modem  over  the  ancient 
males,  but  a  decrease  in  the  females.  The  reverse  would  be  true 
of  the  Egypto-Nubian  cranium,  which  is  1335  in  the  modem 
males  and  1205.8  in  the  females.  Broca  found  that  the  Eg3rptians 
of  the  IV.  Dynasty  had,  males  1534,  females  1397  cc;  those  of  the 
XL,  males  1443,  females  1328;  and,  finally,  those  of  the  XXIIL, 
the  most  recent,  males  1464,  females  1322.  There  would  be  in 
such  a  case  no  increase,  but  decrease,  but  that  is  not  possible;  the 
cause  of  these  facts  lies  in  the  mixtures  of  races  at  different  times 
and  in  different  proportions." 

Now  I  conclude  from  my  recent  studies  upon  the  Egyptians  of 
different  dynasties,  from  the  most  ancient  to  the  present,  that 
according  to  my  method  of  classification  there  are  capacities  of 
1260  cc,  of  1390,  of  1480,  of  1550,  of  1710,  and  still  other  capa- 
cities differing  according  to  the  varieties  determined.*  As  is 
easily  understood,  a  general  average  necessarily  alters  the  facts, 
according  to  the  number  of  varieties  which  enter  as  components 
of  the  average  in  the  different  series  in  anthropological  museums; 
hence  the  curious  results  above  indicated. 

Another  important  point  is  as  follows: 

"  But  the  fact  which  surprises  us  is  the  high  figure  of  the  capa- 
city given  by  prehistoric  crania.  The  masculine  crania  of  Lozere 
have  given  1606  cc,  the  feminine  1507;  also  of  Lozere,  masculine 
1578,  feminine  1473;  crania  from  the  frietra  levigdta,  masculine 
1 53 1,  feminine  1320;  the  contemporaneous  Parisians,  masculine 
1559,  feminine  1337.  The  approximate  average  of  crania  from 
the  pietra  levigata  is  1560,  equal  to  that  of  modem  Europeans,  as 
is  related  by  Topinard.''' 

Iri  another  of  my  recent  works  I  have  demonstrated  that  of  the 
crania  of  the  neolithic  age'  the  hobathyplatycephalus  has  a  capa- 
city from  1230  to  1405  in  the  feminine,  and  the  Eucampylos  varies 
from  1470  to  1564  in  the  masculine.  The  two  varieties,  still  per- 
sistent in  Sicily,  do  not  vary  in  capacity  in  the  modem  series,  ahd 
at  the  same  time  show  that  in  the  neolithic  epochs,  as  among 

*  Concerning  the  Primitive  Inhabitants  of  the  Mediterranean^  Archives  of 
Anthropology,  Florence,  1892,  Vol.  XXII. 

*  Sec  Human  Evolution, 

*  Crania  of  the  Neolithic  Age^  Boll.  Paletnol.  Italiana,  Parma,  1892. 
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modem  populations,  large  and  small  varieties  are  found,  just  as 
the  same  t3rpes  are  now  found  through  persistence  of  forms. 

From  this  it  is  evident  how  much  there  is  to  reform  in  anthro- 
pology when  we  study  by  natural  methods  facts  until  the  present 
misinterpreted,  respecting  the  classification  as  well  as  the  physical 
and  psychological  characteristics  of  man  in  time  and  space.  Per- 
haps in  tlie  future,  when  w6  know  all  cranial  forms  by  natural 
classification,  it  will  be  possible  to  find  a  correspondence  of  psy- 
chological characteristics  in  populations  according  to  the  pre- 
dominance or  superiority  of  types,  a  fact  which  has  until  now 
escaped  research,  because  the  capacity  of  the  cranium  in  its  abso- 
lute sense  is  not  in  correlation  to  the  development  of  the  mental 
functions,  notwithstanding  what  is  commonly  affirmed.  The 
reform  is  urgent,  but  a  natural  method  should  be  employed,  and 
that  is  my  purpose. 


PART  SECOND. — Method  and  Classification. 

I. 
Varieties. 

The  greatest  variation  in  a  series  of  human  crania  cannot  be 
distinguished  by  an  untrained  eye;  anatomists  continually  accus- 
tomed to  the  study  of  the  human  skeleton  and  scholastic  demon- 
strations do  not  at  first  discover. the  salient  points  of  difference 
among  crania,  their  attention  being  distracted  by  observing  the 
single  parts  of  which  they  are  composed,  the  canals,  depressions 
and  minor  details,  and  does  not  grasp  the  complex  form  of  the 
entire  cranium.  There  are  two  different  kinds  of  observations: 
one  is  useful  in  examining  the  development  and  normal  condition 
of  the  cranium;  the  other  serves  for  the  classification  of  forms, 
and  it  is  this  last  method  of  inquiry  which  I  am  about  to  consider. 

The  distinctions  of  forms  depend  in  the  first  place  on  the  com- 
parison of  different  crania.  They  should  be  placed  upon  a  table 
and  compared  in  every  direction.  Little  by  little  a  useful  habit 
and  keen  eye  are  acquired,  by  means  of  which  the  slightest  varia- 
tions are  detected,  so  that  the  similarity  of  fundamental  character- 
istics can  be  seen  among  great  differences  which  at  first  appear 
absolutely  dissimilar. 


26  THE  VARIETIES  OF  THE  HUMAN  SPECIES. 

The  practical  method  which  I  have  already  adopted,  for  me  and 
others  who  wish  to  make  use  of  it,  is  that  of  placing  the  series  of 
crania  in  order  and  in  an  equal  row  upon  a  large  table,  the  first 
time,  if  possible,  of  the  same  color,  intact,  that  is,  without  having 
been  sawed  to  extract  the  brain,  without  the  lower  jaw,  and  there- 
fore upon  a  single  plane,  each  placed  upon  its  base.  Difference  of 
color,  the  line  which  divides  a  cranium  sawed,  an  inequality  in  the 
table,  may  aiter  the  positions  of  the  forms  or  render  the  discovery 
of  similarities  and  differences  more  difficult 

When  familiarity  with  the  forms  has  once  been  acquired,  many 
of  the  conditions  become  superfluous,  and  then  an  isolated 
cranium  is  classified  without  the  necessity  of  a  comparison,  at  least 
in  the  forms  which  are  common. 

After  various  and  attentive  observations  and  continuous  com- 
parisonsi,  it  is  necessary  to  form  groups  of  crania  which  seem  to 
have  common  characteristics.  Formed  in  groups,  each  group  must 
be  separately  analyzed  in  every  component,  in  order  to  recognize 
common  and  diverging  characteristics;  if  these  last  are  marked, 
separate  the  groups  into  subgroups,  noting  the  individual  differ- 
ences which  must  necessarily  exist 

Formed  in  groups  and  subgroups,  one  typical  cranium  is 
selected  for  each  group  or  subgroup,  and  its  likeness  is  trans- 
ferred by  drawing  a  free-hand  outline,  by  placing  the  cranium 
itself  upon  paper,  or  by  means  of  a  camera,  and  finally  the  volume 
is  reduced,  or  rather  the  linear  magnitude,  to  a  third  or  half,  mak- 
ing this  reduction  equal  in  all  the  crania  which  are  designed. 
Drawing  has  the  very  great  advantage  of  revealing  the  linear 
curves,  which  are  not  immediately  observed,  and  demonstrates 
characteristic  differences  very  easily.  In  case  of  doubt  concern- 
ing certain  forms  which  seem  similar,  it  is  well  to  place  the  pro- 
files one  above  another,  in  order  readily  to  observe  similarities  and 
differences,  whether  apparent  or  real,  profound  or  superficial. 

The  following  are  additional  rules:  Distinguish  the  crania  which 
compose  the  groups  according  to  sex,  because  sexual  differences 
should  not  impair  or  alter  the  types  under  which  the  crania  are 
classed,  nor  should  another  type  be  made  on  account  of  character- 
istics which  are  merely  sexual.  The  observer  should  be  trained  to 
discover  the  sexes  of  crania  and  sexual  characteristics  dis- 
tinctly and  clearly.    When  the  groups  are  formed,  the  crania 
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should  be  adult,  though  when  special  conditions  permit,  those  of 
infants  can  be  added.  We  should  bear  in  mind  that  the  forms  of 
the  latter  are  never  decided,  just  as  they  are  not  permanent.  The 
condition  of  the  sutyres  and  of  normal  or  abnormal  development 
should  be  taken  into  account,  because  abnormal  development,  as 
well  as  the  partial  arrest  of  development,  may  profoundly  alter 
typical  forms;  exclude,  therefore,  all  pathological  crania  when 
Ais  pathological  condition  is  apparent.  I  have,  however,  been 
able  to  observe  and  will  demonstrate  in  a  future  work^  that  crania 
belonging  to  persons  of  enfeebled  mind,  in  spite  of  various  alter- 
ations^ preserve  the  typical  forms  and  are  recognizable  without 
difficulty  by  those  experienced  in  the  method  and  classes  of  forms. 

The  examination  of  the  cranium  must  begin  with  the  well- 
known  norma  verticcUis  of  Blumenbach,  that  norma  from  which, 
in  turn,  Retzius  derives  the  index  of  the  width.  It  should  furnish 
us  the  first  form  or  the  first  characteristic  for  classification.  When 
the  vertical  line  is  undecided,  or  cannot  be  reduced  to  a  normal 
form,  then  the  norma  lateralis  must  be  observed  in  order  to  ascer- 
tain the  first  characteristic;  it  may  also  happen  that  the  lateral 
modifies  the  norma  verticalis  so  profoundly  that  it  may  be  pre- 
ferred to  this,  or  that  it  may  have  a  characteristic  much  more 
prominent  and  more  easily  distinguished  than  the  vertical;  in 
such  a  case  it  should  have  the  first  place.  It  may  also  happen 
that  another  characteristic  may  be  more  decided  and  more  marked, 
giving  it  the  preference,  and  such  a  characteristic  may  be  visible 
in  the  norma  occipitalis  or  norma  facialis;  this  should  then  be 
selected  as  the  first  characteristic  for  distinguishing  varieties. 

Let  us  now  consider  those  characteristics  which  should  separate 
and  classify  varieties  according  to  the  natural  method.  I  begin 
with  the  forms  given  by  the  norma  verticalisy  as  they  are  those 
which  are  easily  distinguished  and  can  be  in  great  part  reduced  to 
geometrical  figures. 

1st.  Ellipsoid  {ellipsoidei)  (Fig.  2). 

We  will  call  ellipsoid  a  cranium  which  in  the  norma  verticalis 
presents  an  elliptical  contour,  as  in  the  figure  reproduced,  taken 
from  life,  and  which  I  insert  in  the  parallelogram  in  order  to  show 

1  This  is  the  work  of  Dr.  G.  Mingaxzini,  entitled  Concerning  the  Craniohgy  of 
tht  Insane, 


28 


THE  VARIETIES'  OF  THE  HUMAN  SPECIES. 


its  regularity  and  demonstrate  how  the  exterior  outline  harmon- 
izes with  the  lines  which  surround  it  Ellipsoid,  or  whatever 
similar  name  is  adopted,  signifies  a  body  which  has  an  outline 
similar  to  an  ellipsis.  Such  an  elliptical  £orm,  very  common 
among  varieties  of  crania,  necessarily  has  all  the  projections 
rounded  off,  the  occipital  is  never  flat,  and  the  parietal  pro- 
tuberances are  always  slight,  or  do  not  exist;  the  transverse  curve 
of  the  norma  verticalis  or  cranial  arch  is  moderately  or  decidedly 
convex. 


FlQ.  2.— Ellipsgides. 

A  form  of  this  kind,  considered  only  as  norma  verticalis^  is 
subject  to  variations  in  length  and  width;  hence  it  may  be  a  short 
and  wide  ellipsis,  brachyellipsoid  {brachyellips<ndes\  a  long  one 
or  a  narrow  one,  dolkhelUpsoid  or  stenellipsoid, 

2d,  Pentagonoid  {J>entagon<ndes)  (Fig.  3). 

Figure  3  shows  a  pentagon  of  unequal  sides,  but  symmetrical, 
into  which  is  inserted  a  cranial  form  corresponding  to  its  respec- 
tive sides,  but  with  rounded  angles,  of  which  the  most  rounded, 
which  is  cut  off,  is  that  which  corresponds  to  the  occipital  cone. 
In  this  cranial  type  the  parietal  protuberances  are  pointed,  and 
often  with  comers  definite  and  acute;  from  these  points  towards 
the  frontal  there  is  a  gradual  narrowing,  and  so  also  towards  the 
occipital;  but  with  this  difference,  that  while  from  the  parietal 
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protuberances  forward  this  narrowing,  which  forms  the  two  sym- 
metrical sides,  is  maintained  almost  at  the  same  level  as  the  cranial 
arch,  the  level  from  the  parietal  protuberances  to  the  occiput 
becomes  oblique  and  descends  to  form  the  angle  of  the  pentagon. 


/ 


\  i  / 

V 

Fia  3.-PENTAOONOIDE8. 


This  obliquity  is  very  evident  when  seen  from  the  norma  verti- 
calis  (Fig.  4). 


Fio.  4.— Pentaoonoides. 


The  variations  which  the  pentagonal  norma  verticalis  may  pre- 
sent are  as  follows: 
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1st.  The  comers  are  acute  or  obtuse;  "whtact^, pentagonddes 
acutus  and  obitisus :  the  anterior  part  of  the  cranium,  that  is,  the 
two  sides  which  reunite  the  parietal  to  the  frontal  protuberances, 
can  be  longer  or  shorter  than  usual;  there  will  then  be  a  penta- 
gonaides  oblongus  or  a  brachypentagonaides, 

3d.  Rhomboid  {rhombaides\ 

The  rhomboidal  form  of  the  norma  verticalis  (Fig.  5)  can  inter- 
change with  the  pentagonal  form,  because  the  most  characteristic 
difference  consists  in  the  suppression  of  the  one  side  correspond- 
ing to  the  frontal  width. 


FlQ.  5.— Rhomboides. 

This  side  is  very  short  in  the  rhomboidal  figure  of  the  cranium 
when  considered  in  relation  to  the  biparietal  width  of  which  the 
protuberances  are  very  distinct  and  pointed;  so  the  occipital  pro- 
jection is  still  more  acute  on  account  of  the  greater  convergence 
of  the  two  posterior  sides.  In  this  variety  the  cranium  is  smooth 
in  the  sagittal  line,  low  in  relation  to  its  width  and  length. 
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Of  this  singular  form  I  have  so  far  found  two  variations  dis- 
tinguishable by  the  norma  verticalis:  ist,  the  australensis,  of  which 
I  give  the  type  in  Fig.  $ ;  and  2d,  the  brachyrhaniboides 
aegyptiacus,  shorter  and  wider  than  the  preceding. 

N.  B.  That  these  forms  are  often  found  in  infantile  crania  is  a 
fact  worthy  of  attention. 

4th.  Ovoid  {ovoides).  This  form  (Fig.  6)  is  distinguishable  only 
by  the  norma  verticalis.  The  enlargement  of  the  cranium  is  at 
the  parietals  at  about  a  third  of  their  entire  length  and  posteridrly. 
The  occiput  terminates  at  the  large  apex  of  the  egg,  while  the 
second  apex  is  represented  by  the  frontal.  The  cranium  has  sym- 
metrical curves;  the  arch  is  not  always  very  convex  and  may  have 
a  transverse  curve,  slight  and  easy. 


Fia  6.— OvoiDES. 

The  ovoid  cannot  be  confused  with  the  pentagonoid,  because  it 
has  no  sides,  nor  apparent  comers,  nor  has  it  the  occipital  obli- 
quity which  forms  the  posterior  part  of  the  two  posterior  sides  of 
the  pentagonoid. 

The  **  Sardinian  ovoid,"  which  I  have  described  and  named 
sardiniensis^  diverges  a  little  from  this  type;  the  enlargement  of 
the  parietals  is  situated  a  little  in  advance  of  that  in  the  type 
described^  and,  besides,  the  ovoidal  appca'  ance  is  also  perceived 
in  the  norma  lateralis. 
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5th.  Sphenoid  (sphenoidei). 

The  cranium  represented  in  Fig.  7,  which  I  name  "  sphenoid,^' 
from  the  Greek,  is  cuneiform.    The  characteristics  of  this  type  are 


Fia  7.— Sphenoides. 


very  evident;  the  biparietal  enlargement  of  the  cranium  is  far  back, 
and  there  is  a  gradual  and  sensible  reduction  in  width  from  that 


/_.A 


FlQ.  8.— 8PHEN0IDE6  STENOMETROPUS. 


unusually  large  extension  as  far  as  the  frontal.  The  occipital 
part  is,  therefore,  either  level  and  vertical,  or  rounded,  without  pro- 
tuberance. 
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This  form,  seen  in  the  norma  verticalis  only,  is  subject  to  many 
variations,  preserving,  however,  the  characteristics  which  clearly 
distinguish  it  from  others.  I  add  some  of  the  mo^t  common 
forms  which  I  have  found  and  classified. 

I,  Sphenaides  stenometropus,  that  with  a  narrow  forehead  and 
generally  a  small  capacity.  This  type  is  very  common  in  the  Medi- 
terranean (Fig.  8). 


FiQ.  9.— Sphenoides  Rotundus. 
2.  Sphenoides  rotundus  (Fig.  9),  which  is  larger  and  wider  than 


FiQ.  10.— Sphenoides  Latus. 

the  former,  and  has  the  elevations  rounded  off,  especially  in  the 
occipital  part,  which  is  globular. 


34 


THE  VARIETIES  OF  THE  HUMAN  SPECIES, 


3.  Sphenaides  latus  (Fig.  10).     This  is  much  wider  in  its  biparie- 
tal  expansion  and  is  short.     It  has  the  occipital  smooth  and  per- 


Fia  1 1 .— Sphenoides  Latus. 


pendicular,  the  parietal  prominences  acute,  the  comers  evident 
and  the  sides  flat;  observed  laterally,  this  type  appears  cuboid 
(Fig.  II). 


Fig.  12.— Sphenoides  Meqas. 

This  is  the  characteristic  type  of  the  Kourgans  of  Russia,  and 
for  that  reason  I  have  called  it  kurganicus. 
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4.  Sphenoides  megas  (Fig.  12),  the  largest  which  I  have  found 
It  is  also  distinguished  in  the  norma  verticalis  by  a  certain  con- 
vexity in  the  sides  of  the  cranium  and  by  the  posterior  rotundity. 
This  t)rpe  is  also  obtained  from  the  Kourgans. 

5.  Sphenoides  oblongus.  I  so  name  that  sphenoid  which  has  a 
marked  distance  between  the  greatest  biparietal  width  and  the 
bifrontal  line.    This  t)rpe  is  opposed  to  the  latus^  which  is  short 

6th.  Spheroid  (sphaercides). 

The  general  character  of  this  cranial  form  is  the  rounding  of  the 
frontal,  parietal,  parieto-occipital  and  the  inferior  or  basal  parts  of 
the  occiput  itself,  by  spherical  curves. 

The  cranium  is  relatively  wide  and  short,  the  forehead  and 
frontal  large,  the  cranial  arch  widely  convex,  the  occiput  without 
protuberance,  but  rounding,  the  base  wide  (Fig.  13). 


FiQ.  1 3.— Sphaeroides. 


I  have  already  distinguished  three  principal  forms  of  the 
spheroid,  visible  from  the  norma  verticalis. 

1st  Sphaeraides  proper,  which  we  also  find  subdivided. 

2d.  Sphaer otocephalus,  which  diverges  by  having  a  forehead 
wider  but  slightly  retreating,  following,  therefore,  the  spheroidal 
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as  &r  as  the  coronal  curve,  and  which  as  a  whole  becomes  less 
even  in  its  curves  than  the  typical  spheroid  proper. 


Fia  14.— Stronqylocephalus. 


3d.  Strangylocepkalus.  This  type  differs  in  that  it  has  a  narrow- 
ng  in  its  sphenoidal  fossae,  visible  in  Fig.  14,  so  that  the  spherical 
part  of  the  cranium  is  that  which  remains  back  of  this  narrowing. 


FiQ.  1 5.— Stronqylocephalus. 


Fig.  15  shows  also  very  well  the  frontal  narrowing  in  its  temporal 
lines,  while  the  transversal  curve  is  clearly  spheroidal 
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7th.  BiRSOiD  (byrsoides)  (Fig.  i6). 

The  s^parent  form  of  this  cranial  type  is  an  ovoidj  which  is 
removed  from  the  usual  form,  because  it  has  a  rather  large  biparie- 
tal  expansion,  which  does  not  terminate  at  the  apex  of  the  egg, 
but  is  rounded  off;  moreover,  the  curves,  which  are  directed  from 
the  larger  to  the  frontal  expansion,  are  concave,  with  dilatation  of 
the  frontal  line.  Thus  this  form  seems  to  be  that  of  an  elongated 
purse,  the  opening  of  which  is  found  at  the  bifrontal  line  and  the 
bottom  at  the  expansion  of  the  parietal  curves,  whence  the  name 
of  byrsoides  (like  a  purse). 


FiQ.  16.— Byrsoides. 


Observed  from  the  side,  the  birsoid  presents  a  superior  plane; 
it  is  low,  with  the  occipital  rounding,  but  protuberant 

In  its  norma  verticalis  I  have  observed  a  variation  among  the 
birsoids  of  ancient  Eg>'pt;  one  with  a  smaller  biparietal  expansion. 
The  cranium  of  this  variety  is  large. 

The  seven  forms  which  have  been  described  are  recognizable 
by  the  norma  verticalis.  The  following  are  those  in  which  the 
vertical  is  insufficient,  uncertain  or  can  be  easily  confounded  with 
others  which  are  different    Among  these  the  following  are  found: 
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8th.  Parallelepipedoid  (^parallelepipedaides). 

Figures  17  and  19  represent  a  Sardinian  type.  The  normal 
line  has  a  slight  swelling  in  the  posterior  part,  and  does  not  give 
the  exact  image  of  the  form  with  parallel  lines,  while  the  lateral 
line  corresponds  to  its  name  more  closely.    This  form  has  a  flat 


Fia.  17,— Parallelepipedoides 
Sardin. 


FlQ.  18.— PARALLELEPIPEDOIOEa 
KURQANICUS. 


arch,  vertical  forehead,  smooth  occiput,  and  the  base  leveled;  it  is 
narrow,  long,  low,  with  smooth  sides  and  evident  comers,  which 
makes  a  geometrical  form. 


FiQ.  1 9.— Parallelepipedoides  Sardin. 

Figure  18  represents  SL^aral/e/epipedouitTom  the  Russian  Kour- 
gans.  It  appears  very  clear  by  the  parallel  lines  of  the  two  sides, 
its  length  and  regularity. 
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This  form  is  not  very  common,  and  can  undergo  variations  in 
the  norma  verticalis,  that  is,  can  be  larger  in  the  transverse  diame- 
ter, and  hence  relatively  shorter;  it  is  always  low  in  the  norma 
lateralis  and  through  its  entire  length. 

9th.  Cylindroid  {cylindraides). 

If  the  rounding  of  the  comers  and  the  sides  of  the  parallel- 
epipedoid  renders  it  more  convex,  there  is  the  "  cylindroid,*'  which 
is  long,  narrow,  low,  like  the  first,  but  rounded  all  around.  There- 
fore the  forehead  is  lower,  retreating  (Fig.  20),  and,  seen  from  the 
vertical,  the  occiput  is  narrow  (Fig.  21);  this  occurs  in  the  types 
here  given,  of  which  one  (Fig.  21)  is  from  Latium,  the  other  from 
the  Russian  Kourgans.  Such  a  form  is  rather  rare,  as  is  also  the 
parallelepipedoid. 


Fia  20.— Cylindroides. 


FiQ.  21.— Cylindroides. 


loth.  Cuboid  {cubaides). 

The  cranium  resembling  a  cube,  has  the  arch,  the  occipital,  and 
the  sides  smooth,  and  possibly  the  forehead,  which  is  almost 
always  vertical,  at  least  in  the  small  cuboids.  One  cubical  form, 
which  approaches  nearer  to  its  typical  name,  has  the  vertical  line 
about  corresponding  to  a  quadrilateral,  a  little  elongated;  but  we 
know  that  the  anterior  is  always  narrower  than  the  posterior  part 
of  the  cranium.    As  a  rule,  such  a  cranial  form  is  more  visible 
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from  the  norma  verticalis  (Fig.  22)  and  from  the  posterior  (Fig. 
23).  The  characteristic  of  the  norma  occipitalis  is  especially  that 
the  height  is  almost  always  equal  to  the  width;  hence  we  obtain 
the  true  cubical  form  from  the  side,  this  presenting  a  superficies 
of  the  cube. 


FiQ.  22.— CuBoiDES  Parvus. 


Fia  23.-^UBOiDE8  Parvus. 


Figure  24  represents  a  cuboides  magnus  (from  the  Kourgans), 
while  Figs.  22  and  23  reproduce  a  cuboides  parvus  of  Sardinia. 


FiQ.  24.— Cuboides  Maqnus. 


Masculine  cuboids  may  be  found,  especially  large  ones,  with 
retreating  foreheads  and  frontal  sinuses  large,  and  differing  from 
the  type  Fig.  24. 
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The  forms  which  follow  are  determined  especially  by  the  norma 
lateralis;  first  of  all  is  the 

I  ith.  Trapezoid  {trapezoides). 

The  two  parallel  sides  of  the  trapezium  here  correspond  to  the 


Fio.  25.— Trapezoides  Sardiniensis. 

arch  and  the  base  of  the  cranium  (Fig.  25),  the  two 'sides  not 
parallel  ar^  the  sloping  of  the  forehead,  and  the  occiput  more  or 


FiQ.  26.— Trapezoides  Africus. 


less  oblique.  The  type  which  I  show  is  the  trapezoides  sardinien- 
sis^ a  small  microcephalous  cranium.  One  important  variation 
of  the  trapezoid  is  that  which  I  have  called  African   (africus). 
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which  I  have  obtained  from  Harar,  and  which  I  have  seen  again  in 
Russia,  especially  in  the  Government  of  the  Chersonesus. 

The  Sardinian  type  is  distinguished  by  being  higher  in  the 
back,  wider  in  the  norma  verticalis,  and  relatively  short  (Fig.  26). 

In  order  to  recognize  this  form  it  is  necessary  to  know  that  the 
greater  height  of  the  cranium  is  at  the  back,  and  thence  there  is 
a  perceptible  sloping  towards  the  forehead,  which  is  low.    The 


Fig.  27.— Acmonoides  (Tver). 

occipital  is  raised  on  an  inclined  plane,  very  sloping,  while  the  base 
of  the  cranium  does  not  rest  upon  the  same  plane  through  its 
entire  length. 


FlQ.  28.~ACMONOIDE8  SiCULUS. 


1 2th.  AcMONOiD  {acmonaides)  (Figs.  27,  28). 

It  is  not  difficult  to  distinguish  this  variety  with  its  anvil-like  form. 
Once  seen,  it  becomes  impressed  on  the  memory  by  the  singularity 
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of  its  shape.  A  long  cranium,  the  norma  verticalis  not  elliptical 
nor  ovoid,  because  the  sides  are  straight,  a  slight  swelling  of  the 
parietal  protuberances  situated  very  far  back,  and  the  occipital 
resembling  a  quadrangular  pyramid,  leaning  slightly  on  its  cranial 
base.  The  cranium  is  high  on  the  side,  the  forehead  vertically 
inclined,  but  a  little  elevated;  the  arch  is  on  the  horizontal  plane, 
abruptly  inclined  at  the  summit  of  the  occipital  pyramid,  the 
extremity  or  protuberance  of  the  occipital  level.  It  has  quite  a 
large  opacity.  The  types  given  here  are  derived  (Fig.  27)  from 
the  Russian  Kourgans,  (Fig.  28)  from  modem  Sicily.  #  , 

r 


FiQ.  29.— L0PHOCEPHALU8. 


FiQ.  30.— LOPHOCEPHALU8. 


13th.  LoPHOCEPHALic  (lophocephalus)  (Figs.  29,  30). 

This  variety  ha5  a  conspicuous  trait  not  seen  from  the  norma 
verticalis  nor  norma  lateralis,  but  from  the  norma  facialis  and  the 
norma  occipitalis.  This  is,  as  shown  in  Figs.  29  and  30,  the  median 
eminence  extending  from  the  forehead  to  the  sagittal.  This  emi- 
nence, which  I  call  lophus  (lophos)^  and  which  is  described  by 
other  anthropologists  as  "  crania  with  the  arch  of  the  backbone  of 
an  ass,*'  or  "  arch  like  the  keel  of  a  ship,"  commences  in  the  upper 
part  of  the  frontal,  at  the  place  where  the  frontal  curve  first 
becomes  horizontal.  It  is  an  elevation  of  the  median  portion, 
with  lateral  depressions  amounting  to  a  slight  concavity,  which 
reaches  the  coronal,  the  highest  part  of  the  eminence  and  surpasses 
it,  invading  the  sagittal,  where  it  terminates  at  the  apex  of  the 
triangle,  gradually  disappearing. 
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This  variety  I  have  described  among  the  crania  of  Melanesia, 
and  the  type  which  I  give  is  from  there;  but  it  is  not  limited  to 
that  region  and  presents  certain  variations. 

14th.  Chomatocephalus  {chomatocephalus)  (Fig.  31). 

We  call  "tumulus-like"  {chomd)  that  cranium  which  is  ele- 
vated like  a  hill  upon  a  horizontal  plane  passing  through  the  orbital 
arches.  It  is  not  spherical,  and  slopes  almost  equally  on  all  sides, 
starting  at  the  summit  of  the  cranial  arch,  which  is  much  elevated, 
as  seen  in  Fig.  31.  Such  a  cranial  arch  may  not  always  be  regu- 
lar in  its  inclinations,  nor  perfectly  symmetrical,  and  not  like  a 
hill  or  gradual  elevations  of  land,  but  should  resemble  a  high  ele- 
vation, and  be  almost  disproportionate  to  the  face.  The  type  pre- 
sented is  from  Melanesia.  It  is  large,  with  a  large  capacity;  there 
are  also  smaller  and  different  types,  both  in  the  same  region  and 
elsewhere. 


FiQ.  31.— Chomatocephalus. 


FlO.  32.— PLATYCEPHALU8. 


iSth.  Platycephalic  (^plaiycepkalus). 

Platycephaly  usually  concerns  the  arch  of  the  cranium  only. 
It  is  flat,  in  a  relative  degree  to  the  usual  convexity.  In  fact  it  is 
a  curve  of  the  cranial  arch  which  resembles  an  arc  of  a  circle  with 
a  large  radius;  the  platycephalic  forms  will  be  distinguishable  in 
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proportion  as  this  idea  is  considered.  As  a  rule  the  cranium  is 
also  wide  in  its  transverse  diameter,  and  hence  it  is  also  relatively 
short,  as  seen  in  the  brachycephalic,  Figs.  32,  33  and  34.  Fig.  32, 
which  is  the  profile  of  an  Italian  cranium,  resembles  strongly 
Fig.  33,  which  is  a  Russo-Kourgan ;  Fig.  34  is  the  norma  verticalis 
of  the  latter  and  shows  its  relative  width. 


FiQ.  33.— Platyceph.  Boqdanovii. 


FiQ.  34.— Platyceph.  Boqdanovii. 


This  characteristic  is  so  evident  and  so  much  a  part  of  the 
cranial  form,  to  which  a  pathological  signification  has  been  erro- 
neously attributed,  that  it  alone  is  sufficient  to  constitute  a  distinct 
variety.  It  is  easy  to  distinguish  a  cranium  by  such  a  characteris- 
tic without  directly  considering  th^  norma  facialis  or  norma  occi- 
pitalis, and  hence  it  is  a  good  characteristic  for  classification. 
Among  platycephalous  forms  there  is  one  which  is  prominent  on 
account  of  the  unusual  lowness  of  the  arch,  besides  being  very 
flat  It  presents  a  small  forehead  and  a  general  depression  of  the 
cranium  from  the  orbital  apophysis  to  the  superior  plane.  The 
top  of  the  cranium  resembles  a  flat  cake  or  a  bun,  whence  the 
name  placuntaides  which  I  have  given  to  it,  that  is,  the  form  of  a 
flat  cake  (Fig.  35).  There  are  also  platycephali  with  narrow  fore- 
heads, which  I  will  consider  later. 
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1 6th.  Skopeloid  (skopeloides)  (Fig.  36). 

The  form  which  I  call  ^  rock-like  ^  {skopelos)  is  very  curious. 
It  has  a  summit  on  the  posterior  part  of  the  cranium  which  slopes 
from  every  side,  and  at  the  occiput  descends  rapidly  to  the  base. 
The  cranium  is  large,,  wide  at  the  base,  with  a  narrow  forehead, 
and  the  frontal  slightly  sloping,  following  the  inclined  plane  of  the 
posterior  summit. 


FiQ.  35.— Placuntoides. 

This  form  is  difficult  to  describe,  aiid  Fig.  36  gives  an  imperfect 
idea  of  it. 


FiQ.  36.— Skopeloides  Samniticus. 
Of  this  variety,  so  characteristic  and  quite  common  in  Samos, 
I  have  seen  some  which  are  microcephalous,  in  Samos  and  like- 
wise in  the  Russian  Kourgans,  although  there  very  rare. 
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The  sixteen  human  varieties  above  described  I  have  deter- 
mined, after  observations  of  more  than  3500  crania,  principally 
from  the  Mediterranean,  prehistoric  tombs,  and  modem  Russia, 
the  crania  of  the  Kourgans,  and  from  some  ancient  cemeteries  in 
Moscow  and  the  Chersonesus,  and  from  Melanesia^  I  can  affirm 
nothing  of  the  entire  number  of  human  varieties,  nor  of  their  dis- 
tribution, before  making  new  and  direct  personal  observations  in 
the  rest  of  Eiirope  and  in  other  parts  of  the  world;  I  wait  in. confi- 
dence and  with  the  earnest  desire  of  making  such  observations. 
I  affirm  with  some  personal  satisfaction  that,  as  regards  the  new 
anthropological  method,  I  have  surmounted  its  uncertainties. 
The  number  of  varieties  has  been  much  reduced,  and  they  are 
separated  by  definite  and  recognizable  characteristics. 

I  cannot  affirm  that  new  varieties  may  not  be  found  even  in  the 
Mediterranean  field,  where  I  have  chiefly  extended  my  researches. 
If  they  should  be  found  they  would  be  few,  and  probably  brought 
from  other  localities. 


II. 
Stibvarieties. 

Though  the  number  of  varieties  which  I  have  until  now  deter- 
mined in  the  Mediterranean  and  Russia,  together  with  some  from 
Melanesia,  is  limited  to  sixteen  only,  the  subvarieties  are  much 
more  numerous.  Subvarieties  should  first  of  all  preserve  the 
characteristics  of  the  variety  of  which  they  are  a  variation,  and 
should  have  some  other  characteristic,  which  must  not  be  transi- 
tory and  individual',  but  fixed  and  hereditary.  Groups  of  sub- 
varieties  must  constitute  real  groups;  the  variety  is  the  principal 
denomination  of  characteristics  common  to  many  subvarieties, 
which  add  to  the  primary  or  dominant  characteristic  one  or  several 
new  characteristics  which  separate  the  subvarieties  from  each 
other,  as  the  following  scheme  exhibits: 

Variety:  A. 

Subvariety :  A  -+■  a,  A  -f  b,  A  +  c,  A  -+■  d,  and  so  on. 

While  the  characteristic  A  gives  the  name  to  the  variety,  the 
less  general  characteristics  a,  b,  c,  d  g^vc  the  subvarieties  of  A. 
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The  same  relation  is  found  in  the  animal  kingdom  between 
genera  and  species,  or  between  species  and  varieties;  in  the  first 
place,  the  universal  characteristics  of  the  genus  are  limited  by 
those  of  the  species;  in  the  second,  those  of  the  species  are 
restricted  by  those  of  the  varieties,  and  those  of  the  variety  by  the 
subvarieties.  I  have  above  stated  that  while  in  my  opinion  the 
name  of  variety  is  general  in  its  meaning,  and  therefore  also 
provisional,  it  may  remain  definitive  by  further  study  and  assume 
a  fixed  signification.  Different  results  may  be  reached,  but  the 
classification  will  remain  unaltered,  because  the  characteristics 
will  continue  stable  and  the  method  unchanged. 

In  determining  the  characteristics  of  numerous  series  of  crania, 
and  in  arranging  groups  of  one  variety^  another  plan  occurred  to 
me,  that  of  finding  characteristics  which  separate  a  subvariety 
into  groups  of  a  third  order,  meaning  by  a  group  of  the  ist  order 
the  variety;  then  we  shall  have  a  plan  like  the  following: 

1st  Variety:  A. 

2d.  Subvariety  :  A  +  a,  A  -+-  b,  A  +  c,  etc. 

3d.  Sub-subvariety :  A  +  a  +  a,  A-f-a  +  ^,  A  +  a  +  ;'. 

The  characteristics  a,  /9,  y  are  not  transitory;  they  are  stable,  and, 
on  this  account,  of  the  same  type  as  those  which  distinguish  the 
subvarieties  a,  b,  c,  etc. 

It  is  easy  to  answer  an  inquiry  as  to  the  manner  of  distinguish- 
ing these  characteristics:  individual  variations  are  not  repeated, 
and  they  therefore  do  not  occur  in  many  individuals,  unless  acci- 
dentally; not  only  do  they  cause  little  divergence  from  the  typical 
forms,  they  constitute  oscillations  of  the  same  form  recognizable 
as  such.  It  is  not  so  with  the  characteristics  of  subgroups  of  the 
2d  or  3d  order;  they  alter  the  fimdamental  form  in  some  part,  and 
are  repeated  in  groups  composed  of  several  individual  elements. 

We  have  seen  how  we  may  determine  varieties,  which  in  a  great 
measure  assume  geometrical  forms  and  receive  corresponding 
names,  because  of  their  approximation  to  bodies  with  well-known 
geometrical  characters.  We  have  also  seen  that  we  can  determine 
the  form  of  this  irregular  body,  the  brain,  either  by  the  vertical  or 
lateral  nomv  or  in  some  cases  by  the  anterior  or  posterior  aspect. 
Besides  the  normae  which  determine  the  variety,  there  remain 
other  normae  which  have  various  characters,  and  can  therefore 
complete  the  craniolog^cal  type  or  show  its  variations  beyond  the 
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primary  character  which  places  it  in  a  given  variety.  An  ellip- 
soid, regarded  vertically,  may  have  different  normae  laterales,  at 
the  same  time  remaining  an  ellipsoid;  it  may  also  have  other  char- 
acteristics, visible  from  the  norma  occipitalis,  which  make  it  vary 
from  another  cranium,  also  ellipsoid,  with  a  different  norma  occi- 
pitalis. There  may  also  be  variation  in  the  same  norma  which 
gives  the  fmidamental  form;  for  example,  the  ellipsoid  (Fig.  38) 
is  shorter  and  relatively  wider  than  the  one  beside  it  (Fig.  37), 


Fig.  37.-D0UCHELLIPS01DES. 


FiQ.  38.— Brachyellipsoioes. 


which  is  therefore  a  "  dolichellipsoid,"  while  those  wide  and  short, 
like  Fig.  38,  we  may  call  "  brachyellipsoids."  Such  variations  of 
elliptical  forms  correspond  to  the  structure  of  the  cranium,  and 
therefore  constitute  subvarieties. 

Following  the  order  above  carried  out  in  the  varieties,  I  com- 
mence with  the  ellipsoid. 


I.  Ellipsoides. 

1st.  EUips,  depressus. 

This  is  visible  from  the  norma  lateralis  and  also  from  the  norma 
anterior  (Fig.  39).  Cranium  low  from  the  vertex  to  the  occipital 
base,  as  if  crushed  in  every  direction  from  the  frontal  and  lateral 
sides,  and  therefore  with  a  narrow,  retreating  forehead,  of  curved 


so 
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form;  the  same  of  the  occiput.  This  curious  and  characteristic 
form  is  subject  to  variations  which  would  take  too  long  to 
describe  here. 


FiQ.  39.— Ellips.  Depressus. 
2d.  Ellips.  isopericampylus  (Fig.  40). 

Isopertcampylus  signifies  "with  equal  curves  all  around";  the 
character  of  this  subvariety  is  especially  that  the  form  is  handsome 
and  perfect.  It  may  have  variations  in  the  form  of  the  ellipse 
and  in  some  othtr  characters. 


FiQ.  40.— ELLIP8.  Isopericampylus. 
3d.  Ellips,  embolicus. 

From  embolus,  prow,  because  the  occipital  decline,  which  com- 
mences well  forward,  reaches  as  far  as  the  cranial  base,  and  such 
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a  projection  has  the  apparent  form  of  a  ship's  prow.  I  at  first 
called  this  form  emboloides  meridianaliSy  because  I  had  observed  it 
among  the  crania  of  Southern  Italy.    I  found  it  again  in  Russia 


Fig.  41.— Ellips.  Embolicus. 


among  the  Kourgan   crania,  among   Etruscan  Crania,   ancient 
Roman,  and  finally  at  Novilara  (Pesaro)  in  tombs  perhaps  of  the 


FlQ.  43.— Stenellips.  Hypsistegoides. 


Fig.  42.— Stenellips.  Embolicus. 

5th  century  before  the  Christian  era.    Fig.  41  is  the  profile  of  a 

cranium  of  the  Kourgatns  of  Tver.    This  cranium,  that  is,  this 
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cranial  form  with  definite  ellipses,  is  long  and  at  times  exceeds 
200  mm.,  and  differs  in  width.  In  the  meridional  emboloid  it  is 
135-138  mm.,  but  in  others  is  below  130  mm.;  hence  the  name  of 
stenellipsmdes  embolicus  which  I  have  given  it,  as  in  the  cranium 
from  Novilara  which  I  have  shown  here  (Fig.  42). 

4th.  Ellips,  hypsistegoides  (Fig.  43). 

This  form  is  visible  from  the  posterior  norma  of  the  cranium, 
as  in  Fig.  43  (cranium  from  Novilara).  The  arch  is  constructed 
like  a  roof  in  the  example  here  given,  and  the  height  of  the  cra- 
nium from  the  base  to  the  vertex  is  considerable.  There  are 
stegoid  varieties  also,  that  is,  with  a  roof-like  arch,  not  very  high. 


FiQ.  44.— Ellips.  Corythocephalus. 


5th.  EUips.  corythocephalus  (Fig.  44). 

''  Helmet-like  cranium,"  high,  with  a  fine  curve  from  the  fore- 
head to  the  occiput  as  far  as  the  base,  of  large  capacity,  and  flat  at 
the  sides.  This  gives  it  the  appearance  of  a  helmet.  I  found  it 
first  among  ancient  Egyptian  crania,  whence  its  name  of  aegypUa- 
cus  ;  then  among  the  Kourgan  crania. 

6th.  Ellips.  epiopisthius.  That  is,  a  cranium  of  elliptical  form 
in  which  the  level  rises  from  the  frontal  towards  the  posterior  part, 
SQ  that  the  latter  appears  to  be  raised  (Fig,  45). 
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7th.  EUips.  scalenus.  The  epiopisthius  can  also  be,  as  in  this 
case,  scalenus,  a  rapid  obliquity  from  the  occipital  slope.  But  the 
cramo-scalenus  can  also  be  found  without  being  epiopisthius,  and 


Fio.  45.— ELLIP8.  Epiopisthius. 

vice  versa.  These  two  characteristics  appear  separately  and 
together  in  other  varieties,  as  in  Ae  ovoid,  the  platycephalus,  and 
in  the  ellipsoidal  subvariety.  This  may  also  be  said  of  the  roof- 
like form,  or  stegoid,  and  of  the  hypsistegaid. 


FiQ.  46.— Ellips.  Tetraoonalis. 
8th.  EUips,  tetragonalis  (Fig.  46). 
This  ellipsoidal  form  is  very  characteristic  in  its  norma  lateralis, 
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which  has  the  appearance  of  a  tetragon,  whence  its  name.  The 
cranium  is  high,  the  forehead  as  a  rule  erect,  the  occiput  perpen- 
dicular and  very  convex  and  depressed  at  the  sides.  It  may  be 
confused  with  the  cuboid  when  seen  only  from  the  norma  later- 
alis. But  I  must  now  omit  a  series  of  subgroups  and  limit  myself 
to  the  principal  forms. 

II.  Pentagonaides. — With  regard  to  varieties,  I  have  distin- 
guished various  pentagonoids,  acutus,  obtusus,  oblongus,  brachy- 
pentagonaides  ;  and  there  may  be  stegaids,  cristati,  etc. 

III.  Rhombaides. — The  rhomboids  are  also  short,  brachy- 
rhombaides,  or  elongated  in  the  anterior  part,  oblangus, 

IV.  Ovaides. — Subvarieties  of  ovoids  are  found  with  wedge- 
like occiput,  cuneatus,  scalenus^  stegotdes^  depressus. 


FiQ.  47.— Sphen.  Tetraqonus. 

V.  Spkenaides, — By  the  norma  verticalis  I  have  distinguished 
sphenoides,  stenometopus^  sph.  rotundus,  spelatus,  sph,  megas,  sph, 
oblongus;  an  important  subvariety  is  found  in  tetragonus  (Fig.  47), 
which  is  not  only  sphenoidal  in  the  vertical,  but  also  in  the  lateral, 
and  has  prominent  comers,  rendering  the  vertex  and  sides  plane. 

There  is  likewise  a  sphenoid,  cyrtocephcUus,  which  has  a 
convexity  extending  from  the  frontal  and  parietals  to  the  vertex. 
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resembling  a  protuberance,  though  not  so  pronounced  as  to  con- 
stitute a  crista  or  a  lophos  ;  if  these  two  characteristics  are  found, 
the  sph.  is  cristatus  or  lophaides  (Fig.  48). 


Fio.  48.-8PHEN.  CR16TATU8. 


VI.  Sphaeroides, — I  have  given  the  principal  variations  of  this 
variety,  that  is : 

a)  sphaerotocephalus  ; 

b)  spkaer aides y  hemisphaeroides  ; 

c)  strongylocephalus  (see  above). 

VII.  Byrsoides, — So  far  I  have  only  found  one  variation  from 
the  siadus^  that  is,  the  aegyptiacus,  which  is  a  little  narrower  (see 
above). 

VIII.,  IX.,  X.  ParaUelepipedaides,  Cylindroides,  Cuboides  (see 
varieties). 

XI.  Trapezaides, — I  have  already  distinguished  two  subvarie- 
ties  with  the  names  of  Trap,  sardiniensis  and  Trap,  africus. 
These  are  the  most  typical  and  commonest  variations;  in  my  cata- 
logue of  Russian  varieties  *  several  other  secondary  forms  are 
found,  of  which  the  commonest  is  trap,  roiundatus. 

There  is  a  subvariety  which  I  considered  during  my  first  obser- 
vations as  a  distinct  variety,  and  which  I  had  named  Pyrgoides, 
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a  cranium  resembling  the  form  of  a  tower.  This  cranium  is  also 
a  trapezoid,  but  it  is  larger,  the  occiput  is  high  and  perpendicular, 
so  that  the  vertex  of  the  cranium  coincides  very  far  back  with' the 
bregma.  It  is  large  enough  to  appear  spheroid,  the  anteposterior 
declivity  slopes  uniformly  from  the  back. 

I  preserve  the  name  Pyrgaides  for  such  forms  because  the 
occipital  looks  like  the  wall  of  a  tower,  high  and  quadrangular; 
but  I  consider  it  a  subvariety  of  the  trapezoid.  I  have  noticed 
variations  in  Pyrg,  ramanus.  The  type  in  Fig.  49  is  a  cyrtocepha- 
lus,  so  called  on  account  of  the  fronto-bregmatic  protuberance, 
a  rotundatus  on  account  of  the  truncated  comers  and  the  convex 
faces. 


FiQ.  49.-PYRQOIOE8. 


XII.  Acmonaides. — Of  this  singular  variety  I  have  found  sub- 
varieties:  a)  siculus,  which  is  the  typical  form  described;  b)  mega- 
lometopuSy  or  having  a  large,  wide  forehead ;  c)  obtusus^  on  account 
of  the  rounded  comers;  d)  stegaides,  on  account  of  the  roof-like 
arch ;  e)  subtilis,  because  narrower  than  the  type;  f)  proopkyrocus, 
because  it  has  prominent  frontal  sinuses  Which  do  not  exist  in  the 
type. 

XIII.  LophicepheUus, — This  variety  offers  some  variations 
from  the  type  from  Melanesia  before  presented;  its  principal 
characteristic  does  not  consist  in  the  lophos^  but  in  the  cranial 


THE  VARIETIES  OF  THE  HUMAhT  SPECIES.  $7 

form  being  a  little  larger.  It  is  found  among  the  Kourgans 
(l^ig-  50);  the  width  is  greater  posteriorly,  and  the  lateral  parts 
more  convex,  /opL  kurganicus. 


FlQ.  60.— LOPHOC.  KUROANICUS.  ^ 

XIV.  Chomatacephalus, 

I  have  found  subgroups  with  the  following  characteristics : 

a)  Cham,  angulosus,  because  it  has  a  surface  with  angular  pro- 
jections. 

b)  Cham,  summus,  on  account  of  its  great  height 

c)  Cham,  cristatus,  on  account  of  its  crest-like  summit 

d)  Cham,  sphenoidalis,  for  its  wedge-like  form  as  observed 
from  the  norma  verticalis. 

XV.  Platycephalus. — ^The  varieties  with  most  subvarieties  are 
the  EUipsaides,  the  Spkenaides,  and  the  Platycephaltis.  Of  the 
PUUyc.  I  have  so  far  been  able  to  distinguish  22  varieties,  of  which 
several  aJso  have  subgroups,  as  the  Isobathy platycephalus,  which 
I  have  called  siculus  because  first  found  in  the  tombs  of  the  neo- 
lithic age  in  Sicily  (Fig.  51).    We  find: 

a)  Platyc.  cuneatus ;  b)  platyc.  kumUus ;  c)  stenometapus ;  d) 
platyc.brachymeiopus;  €)  euryplatymetapus ;  i)  platyc.  embolicus  ; 
g)  platyc.  rotundus  ;  h)  platyc,  scalenus,  and  so  on. 
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XVI.  ScopelMes, — A  common  form  in  Somas,  and  should  be 
more  sought  after  in  Italy. 


FlQ.  51.— I80BATHYPLATYC.  8ICULU8. 

In  ending  this  description  of  subvarieties,  at  present  limited  to 
those  of  the  sixteen  human  varieties  (and  which  I  consider  incom- 
plete in  number,  just  as  I  have  considered  incomplete  the  number 
of  varieties  of  the  Mediterranean  and  Kourgans  of  Russia,  where 
I  have  foimd  the  varieties  described),  I  should  add,  in  order  to 
complete  the  picture  of  subvarieties,  another  characteristic  of 
classification,  of  which  I  have  above  spoken,  the  volume  of  the 
cranium. 

As  I  have  said,  what  is  well  known  in  regard  to  other  animals 
occurs  in  man,  that  large  and  small  varieties  are  found,  both  in 
stature  and  in  the  volume  of  the  cranium,  and  these  differences  in 
size  and  volume  are  not  indications  of  functional  superiority  or  of 
priority.  The  functions  of  the  brain  of  1200  gr.  can  be  just  as 
perfect  as  those  of  a  brain  of  1600  gr.,  and  it  is  known  that  not  all 
large  and  voluminous  brains  are  those  of  great  men,  nor  are  those 
of  inferior  or  commonplace  human  types  small.  I  have  foimd 
ellipsoids,  cuboids,  ovoids,  pentagonoids,  platycephali,  trapezoids, 
large,  medium,  and  small,  with  complete  and  perfect  structures 
in  the  large  as  well  as  in  the  small  and  microcephalic  varie- 
ties; for  this  reason  I  have  thought  it  wise  to  consider  types  of 
different  volume  or  cranial  capacity  as  subvarieties,  and  not  to 
confuse  the  capacity  of  one  with  another. 
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I  have  also  found  that  certain  cranial  types  have  a  special  capa- 
city which  does  not  belong  to  another  type.  Thus  the  trapezoids 
have  a  small  capacity,  between  elatto-  and  microcephalic,  and  never 
exceed  that  limit;  that  of  the  pyrgoids  is  greater;  the  stenocepKali 
have  a  small  capacity;  the  coritocephali  are  megalocephalic,  and 
so  on. 

I  have  adopted  the  words  megas,  magnus,  maximus  for  the 
large  and  largest  varieties,  medius  for  the  medium,  and  parvus 
and  micros  for  the  small  and  smallest  varieties.  In  respect  to  the 
capacity  when  measured,  we  may  practically  consider  micros  as 
far  as  the  average  of  1150CC.;  parvus,  as  far  as  the  average 
1350  cc: ;  megas,  from  1500  up ;  maximus,  beyond  1700  cc.  Thus 
the  number  of  subvarieties  becomes  increased. 


III. 
Nomenclature, 

Nomenclature  is  necessary  in  the  classification  of  animals,  of 
plants  and  minerals.  Names  aid  to  discern  forms,  to  recognize 
general  characteristics  by  means  of  which  series  and  groups  are 
formed,  to^  distinguish  series  from  each  other.  Without  names 
we  should  not  know  of  what  we  speak.  Thus  in  the  classification 
of  human  varieties  and  subvarieties  it  is  necessary  to  adopt  tech- 
nical names  in  order  to  indicate  them;  although  we  may  but 
imperfectly  express  the  entire  conception  of  the  form  which  we 
wish  to  indicate. 

For  this  purpose  I  have  selected  words  from  the  Greek  and 
secondarily  from  the  Latin  languages,  because  Greek  words  are 
better  adapted  for  proper  names,  and  are  easily  constructed,  while 
words  in  use  in  a  modem  language  would  be  difficult  to  foreigners, 
and  having  a  vulgar  signification,  would  be  equivocal;  finally, 
because  many  languages  derive  names  of  geometrical  forms  from 
Greek  and  Latin,  and  hence  such  can  easily  be  understood. 

It  may  appear  that  I  have  too  much  increased  the  number  of 
technical  names  in  my  earlier  m^moiTy  Human  Varieties  of  Melan- 
esia. In  a  measure  that  is  true,  but  most  of  the  words  for  each 
variety  were  in  use  previously.  Brachy,  meso,  dolichocephalo, 
hypsi,  chamecephalo,  lepto,  chameprosopo,  lepto,  meso,  platyrinno, 
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brachy^  leptostafilino  and  the  like  are  not  my  words.  It  appeared 
that  the  vocabulary  would  be  enormous  and  sibylline  when  other 
expressions  were  added  to  the  name  of  stenocephalo,  etc.  The 
French  school,  as  regards  nomenclature,  is  the  most  exaggerated. 
I  need  but  state  that  besides  the  words  above  given  and  common 
to  all  anthropological  schools,  it  has  basian,  episihion,  ptericn^ 
obelian,  inion,  nasion,  opAryon,  metopion,  stphanian  and  the  like. 
If  in  adopting  the  zoological  method  which  I  have  indicated  we 
abandon  craniometry,  and  with  it  its  nomenclature,  there  will 
remain  but  few  technical  terms  for  the  indications  of  varieties  and 
subvarieties,  and  then  nomenclature  will  be  brief  and  significative. 
Whoever  reads  my  Memoirs  from  the  first,  that  upon  the  Melan- 
esians,  to  the  last,  upon  "microcephalic  varieties,"  will  observe 
how  I  have  little  by  little  eliminated  names  and  confusing  and 
wearisome  measurements,  and  have  reduced  classification  by  tech- 
nical terms  for  nomenclature  to  the  greatest  simplicity. 

Objections  made  against  the  nomenclature  which  I  have  intro- 
duced can  also  be  applied  to  that  used  in  zoology  and  botany  and 
in  all  the  sciences  which  have  one.  An  important  objection  seems 
to  me  that  of  Professor  Benedict  of  Vienna,  who  would  like  to 
abolish  every  word  of  Greek  and  Latin  origin,  because  they  are 
dead  languages  which  in  a  few  years  will  no  Ipnger  be  taught  in 
schools  of  science.  I  agree  with  him.  But,  as  I  have  above  said, 
it  matters  little  whether  a  technical  name  of  a  variety  be  under- 
stood in  its  signification  provided  that  the  variety  denominated 
be  known  by  means  of  the  name,  and  nothing  more,  when  it 
refers  to  a  determinate  form.  Moreover,  a  reform  in  classification 
should  not  suffer  through  a  difficulty  in  names,  which,  if  they  were 
Italian,  would  not  be  easily  accepted  and  understood  by  strangers. 
Greek  and  Latin  have  at  least  the  advantage  of  being  languages 
which  can  now  be  universally  retained  for  the  sciences.  The 
objections,  or  rather  I  should  say  the  observations,  made  by 
Hovelacque  and  Mantegazza  are  of  no  value  and  do  not  merit 
attention. 

I  at  first  adopted  technical  names  Italianized,  but  afterwards, 
in  order  to  render  the  meaning  easy  to  foreigners,  I  adopted  the 
Latinized  form,  which  has  the  advantage  of  preserving  the  original 
vowels  and  consonants.  The  naturalist,  accustomed  to  zoological 
nomenclature,  finds   nothing   new,^  much   less   strange,   in   this 
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method,  and  the  anthropologist  is  a  naturalist  who  is  occupied 
exclusively  with  man. 

I  consider  it  useful  and  opportime  to  prepare  catalogues  of  the 
varieties  and  subvarieties,  and  to  record  the  geographical  distri- 
bution of  forms;  they 'are  pictures  which  render  two  facts  evident, 
the  number  of  ethnic  elements  and  their  dispersion. 

I  hope  by  this  method  and  by  these  principles  a  systematic 
anthropology  may  be  constituted,  which  may  be  the  foundation 
for  scientific  researches  upon  the  origin  of  human  races,  upon 
their  number  and  distribution,  upon  their  crossings,  and,  finally, 
upon  the  possible  solution  of  the  problems  of  the  unity  or  plur- 
ality of  the  species. 
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PREFACE. 


It  is  the  purpose  of  this  brief  contribution  to  point  out  the  existing 
literature  upon  acetoacetic  ester,  rather  than  to  make  an  addition  to 
this  literature.  The  outlines  of  memoirs  are  given,  not  to  enable  the 
reader  to  do  without  the  originals,  but  to  help  him  to  find  just  the 
ones  he  may  require.  To  this  end  it  has  been  undertaken  to  furnish  a 
description,  without  the  detail  of  a  condensation,  of  so  much  literary 
material  as  has  been  cited.  The  subject  is  one  so  far  interwoven  with 
research  upon  organic  oxygen  derivatives  in  general  that  its  boundaries 
have  been  often  drawn  at  a  venture.  In  questions  upon  the  subject- 
matter  Mr.  Seymour  has  had  the  benefit  of  consultation  with  Professor 
Paul  C.  Freer,  of  this  University,  who  has  carried  on  investigations  of 
acetoacetic  ester  for  some  years.  For  the  plan  of  the  bibliography, 
whatever  defects  the  plan  may  have,  the  undersigned  acknowledges 
himself  responsible.  In  the  execution  of  the  task  Mr.  Seymour  has 
devoted  studious  care,  with  clear  critical  inquiry  on  his  own  part,  from 
first  to  last.  And  his  work  is  offered  with  confidence  by  the  under- 
signed, to  the  Committee  on  Indexing  Chemical  Literature,  for  issue 
under  the  beneficent  provisions  of  The  Smithsonian  Institution, 
to  whose  time-saving  publications  chemists  are  so  greatly  indebted. 

Albert  B.  Prescott. 

IlNIVERSITV   OF    MICHIGAN, 

August,  1892. 
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INTRODUCTION. 


In  the  following  work  the  articles  were  abstracted  with  reference 
to  the  subject  of  the  bibliography,  consequently  some  articles  were 
abstracted  only  in  part ;  that  is,  omitting  what  had  no  relation  to 
acetoacetic  ester.  The  word  **  ester  **  has  been  used  to  mean  an  acid 
in  which  the  carboxylic  hydrogen  has  been  replaced  by  an  alkyl  radi- 
cal, and  where  the  alkyl  radical  is  not  specified,  ethyl  is  understood. 

The  bibliography  is  arranged  in  chronological  order,  with  author 
and  subject  indices  appended. 

All  references  given  were  verified,  except  where  otherwise  stated. 

The  reference  given  first  in  each  case  is  the  original  publication,  the 
others  are  reprints  or  abstracts. 

The  literature  on  the  subject  begins  in  1840. 

I  wish  to  express  my  gratitude  to  Professors  Prescott  and  Freer  for 

direction  and  aid  in  the  work. 

Paul  H.  Seymour. 

Univbrsitv  of  Michigan, 
June  II,  1892. 
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LOWIQ,   CARL  AND  SAL.  WEIDEMANN,  1840. 

Ann.  der  Phys.  Pogg.  5®,  95-125  ;  Ann.  Chem.  3^,  297-304 ;  Berzelius' 

Jsb.  21,  425. 

Action  of  Potassium  and  Sodium  on  Some  Ethers. 

Potassium  attacks  acetic  ester  at  once  and  is  dissolved.  No  gas  is 
given  off ;  the  mass  solidifies  and  is  found  to  be  composed  of  potassium 
ethoxid  and  a  compound  of  acetyl  and  oxygen,  having  less  oxygen 
than  acetic  ester  ;  in  other  words  the  potassium  abstracts  oxygen  from 
acetic  ester.  The  product  obtained,  treated  with  sulfuric  acid,  gives 
acetic  acid.  The  author  decides  that  it  is  probably  *  *  Hypoacetous 
acid  "  (unteracetylig-saure)  C4  He  O154. 


QEUTHER,  A.,  1863. 

Arch,  der  Pharm.  116,  97-110;  Jsb.  Chem.  1863,  323. 
Researches  Upon  Monobasic  Acids. 

Acetic  ester  was  boiled  with  sodium  and  a  stream  of  hydrogen  passed 
through.  Sodium  acetate  and  a  compound  *Ci2  H<,  Na  Oe  were  formed. 
This  compound  was  named  dimethylen-carbonethylen  ether  sodium,  as 

)OH 
the  author  supposed  it  to  be  formed  thus : — 2  *C2  Ha,  Ca  Oa  j  OH,C4 

*  Ca  Ha  Ca  Oa  )  Na  O 
H4  +  2  Na=  Ca  Ha,  Ca  Oa  j  H  O,  C4  H4  +  C4  H5  Na  Oa  +  Ha.  By 
treating  this  compound  with  ethyl  iodid  he  formed  dimethylen-carbon- 
ethylen ether  *  C,6  H14  Oe;  boiling  at  198°  with  a  specific  gravity  of  .998 
at  12?  By  using  methyl  iodid  dimethylen-carbonmethylen  ether 
*Ci4  H,a  06  boiling  at  186.8°  was  produced.  By  the  action  of  ammonia 
on  the  former,  two  bodies  were  formed  ; — *  C,6  H,5  NO4,  insoluble  in 
water,  melting  at  59.5**,  and  Cia  Hi,  *  NO4.  soluble  in  water,  melting 
at  90°  and  subliming  at  100°  By  passing  carbon  dioxid  through  *  Cia 
H9  Na06,Cia  Hio  06  was  produced.  It  colors  ferric  chlorid,  a  dark 
violet. 
*  C  =  6  ;   0  =  8. 
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WANKLYN,  A.,  1864. 

J.  Chem.  Soc.   I7»  2>l^-2^n  \   Chem.  News.  10,  195 ;  Jsb.  Chem. 

1864,  461. 
Some  Actions  of  Sodium  and  Sodethoxid. 

The  diflference  is  shown  between  treating  sodethoxid  with  an  alkyl 
iodid  and  an  alkyl  acetate. 

In  the  first  case  sodium  iodid  is  produced  thus : 

In  the  second  case  the  vSodiuni  replaces  the  acetyl  group  and  not  the 
ethyl.  This  could  not  be  shown  in  acetic  ester,  therefore  valeric  ester 
was  worked  with.  It  was  treated  with  metallic  sodium,  reaction  took 
place  and  no  gas  was  given  oflf. 

The  reaction  was  2  %^|j^  }  O+2  Na=  2  ^^^  ^    }  0+  c*  JJ''  O  f 


QEUTHER,  A.,  1866. 

Arch,  der  Pharm.  125,  29-50,  and  aoi,  223 ;  J.  Prakt.  Chem.  99  113- 
125  ;  Jsb.  Chem.  1865.  302  ;  Bull.  Soc.  chim.  6,  222. 
Acetic  Acid. 
Acetic  ester  was  treated  with  sodium  and  Ce  H9  Na  O3  was  produced. 
By  boiling  with  water  it  was  decomposed  into  acetone,  alcohol,  carbon 
dioxid  and  sodium  carbonate.  Ce  Hjo  O3  was  produced  from  its  sodium 
compound  by  treating  with  hydrochloric  acid,  carbon  dioxid  or  acetic 
acid,  when  it  was  called  by  the  author  ethyl-diacetic  acid ;  it  has  a 
specific  gravity  of  1.03  at  5°,  boils  at  180.8°  and  reddens  litmus  only 
when  water  is  added.  In  obtaining  it  some  dehydracetic  acid  was 
always  formed.  It  has  the  composition  Cg  Hg  O4  and  melts  at  108.5° 
and  boils  at  269.6°  The  barium  and  copper  compounds  of  ethyl- 
diacetic  acid  and  the  barium,  sodium  and  calcium  salts  of  dehydracetic 
acid  were  described.  Ethyl-diacetic  ethyl  Cs  H,4  O3  produced  by  ethyl 
iodid  boils  at  198°  and  colors  ferric  chlorid  blue.  Ethyl-diacetic  methyl 
C7  Hia03  boils  at  186.8°  has  a  specific  gravity  of  1.009  at  6°  and  colors 
ferric  chlorid  a  deep  blue. 


FRANKLAND,  E.,  AND  B.  F.  DUPPA,  1866. 

J.  Chem.  Soc.  19.  395-434 ;  Ann.  Chem.  13S.  204-225  and  328-360 ; 
Phil.  Trans.  Lond.  156,  37  ;  Jsb.  Chem.  1865,  304. 
Synthetical  Researches  on  Esters.     Part  I. 
Acetic  ester  was  made  from  sodium  acetate,  alcohol  and  sulfuric 
acid.    It  was  treated  with  sodium  when  an  action  took  place  and  hydro- 
gen was  given  oflf.     The  product  was  treated  with  ethyl  iodid  and  the 
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result  was  a  small  amount  of  Ce  H^  (Ca  H5  )03  and  a  larger  amount  of 
Ce  He  (  Ca  H5  ),  O3,  The  latter  is  colorless,  insoluble  in  water,  miscible 
with  alcohol  and  ether,  boils  at  137.5°-! 39°  and  has  a  specific  gravity 
of  .8171  at  22^ 

Ethylic  ethacetone  carbonate  Ce  H9  (  Ca  H5  )  O3  is  colorless,  almost 
insoluble  in  water,  miscible  with  alcohol  and  ether,  boils  at  195°  and 
distils  unchanged,  it  has  a  specific  gravity  of  .9834  at   16°     When 
saponified  with  a  water  solution  of  potassium  hydroxid,  ethyl  acetone, 
CH3  CO  C  (C2H5)  Ha,  is  produced  which  boils  at  101°  and  has  a 
specific  gravity  of  .8046  at  22**.    Both  of  these  acetones  have  the  smell 
and  the  taste  of  camphor.      The  di-methylderivative  of  acetoacetic  ester 
(as  it  is  now  known)  was  prepared,  the  reactions  given  were  2  CH3  CO2 
Ca  H.,  +  2  Na=  CH3  CO  C  Naa  COa  Ca  H5  +  Ca  H5  OH  +  Ha  and  CH3 
CO  CNa^  COa  Ca  H5  +2CH3  I=CH3  CO  C  (  CH3  )a  COa  Ca  H5  +  2  Na 
I .     Some  of  the  mono  methyl  derivative  was  also  formed  but  was  decom- 
posed by  a  water  solution  of  potassium  hydroxid.     Methyl  acetone,  CH3 
CO  C  Ha  ( CH3  ) ,  boils  at  81°  and  has  a  specific  gravity  of  .8125  at  13° 
Dimethyl  acetone,  CH3  CO  C  H  ( CH3  )a,  boils  at  93**  and  has  a  specific 
gravity  of  .8099  at  13° 

Ethylic  dimethyl  acetone  carbonate,  CH3  CO  C  (  CH3  )a  COa  Ca  H5, 
boils  at  184**  and  has  a  specific  gravity  of  .9913  at  16° 


BRANDES,  R.,  1866. 

Arch,  der  Pharm.  [2]   lapt  193-212;  Jsb.  Chem.  1866,305;  Bull.  Soc. 

chim.  7f  501. 
Acetic  Acid. 

Methylen-dimethylen  carboxylic  acid,  C5  Hg  O3  (acetoacetic  methyl 
ester),  is  produced  from  acetic  methyl  ester  and  sodium,  sodmethoxid 
and  hydrogen  being  formed  in  the  reaction.  It  is  supposed  to  be  an  acid, 
and  to  be  acetic  acid  in  which  two  hydrogen  atoms  of  the  methyl  group 
are  replaced,  one  by  methyl  and  the  other  by  acetyl.  It  is  colorless, 
boils  at  169°  170°,  and  has  a  specific  gravity  of  1.037  ^^  9°  Blue  lit- 
mus is  scarcely  changed  by  it  until  water  is  added.  Alkalis  and  acids 
decompose  it  into  acetone,  carbon  dioxid  and  methyl  alcohol.  The 
copper  salt  was  made  and  described.  Methylen-dimethylen  carboxylic 
acid  ethylen  (ethyl-acetoacetic  methyl  ester),  prepared  from  the  former 
by  treating  with  sodium  and  then  with  ethyl  iodid,  is  colorless,  boils  at 
189.7°  and  has  a  specific  gravity  of  .995  at  14°  It  is  isomeric  with 
Geuther's  ethyl-dimethylen  carboxylic  acid  methylen  (methyl  aceto 
acetic  ester).  By  using  methyl  iodid  methylen-dimethylen  carboxylic 
acid  methylen  (methyl  acetoacetic  methyl  ester),  was  produced,  it  boils 
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at  177.4°  and  has  a  specific  gravity  of  1.020  at  9°  Methylen-di- 
methylen  carboxylic  acid  ethylen  treated  with  ammonia  gives  two  com- 
pounds ;  C7  H13  NO2,  which  is  insoluble  in  water,  and  C5  H9  NOa,  which 
is  soluble  in  water.  When  the  above  esters  are  distilled  some  dehydra- 
cetic  acid  Cg  Hs  O4  is  formed  as  a  solid  in  the  flask. 

Geuther  appends  a  note  to  this  article  in  which  he  gives  his  opinion 
as  to  the  constitution  of  dehydracetic  acid.     He  supposes  it  to  be  acetic 
acid  in  which  two  hydrogen  atoms  have  been  replaced  by  acryl,  C3  H3 
O,  Ihus  :   C  H  (C,  H3  O),  CO^  H. 


FRANKLAND,  E..  AND  B.  F.  DUPPA,  1867. 

J.  Chem.  Soc.  ao,  102-116 ;  Ann.  Chem.  I45»  78-93  ;  Jsb.  Chem.  1867, 

394- 
Synthetical  Researches  on  Esters.     Part  II. 

By  the  action  of  sodium  and  then  isopropyl  iodid  on  acetic  ester, 
monoisopropyl  acetoacetic  ester  was  produced,  it  is  insoluble  in  water, 
miscible  with  ether  and  alcohol,  has  a  specific  gravity  of  .9804,  boils  at 
201**  with  758.4  m.  m.  pressure  and  distils  unchanged.  When  saponified 
isopropyl  acetone,  CH3  CO  CH2  CH  ( CH3  )2,  is  produced,  it  is  sparingly 
soluble  in  water,  miscible  with  alcohol  and  ether,  boils  at  114°  with 
758.4  m.  ra.  pressure  and  has  a  specific  gravity  of  .8189  at  0° 

The  difference  is  shown  between  it  and  two  isomers,  methyl  valeral 
and  ethyl  butyral. 


GEUTHER,  A..  1869. 

Ztschr.  *Cheih.  5,  27  ;    Bull.  Soc.  chim.  12, '377. 
Changing  Acetoacetic  Ester  into  Ethylacetic  Ester. 

Acetoacetic  ester  heated  to  1 20°  with  sodethoxid  and  acetic  ester  is 
changed  into  ethyl  acetic  acid,  CHj  Ca  H5  CO2  H. 
♦Original  article  not  consulted. 


WANKLYN.  A.,  1869. 

Ann.  Chem.   149,  43-49  ;  Jsb.  Chem.  1868,  509. 

Research  upon  Esters. 

The  action  of  sodium  in  sealed  tubes  upon  a  number  of  esters  was 
investigated  and  in  no  case  was  hydrogen  evolved.  The  esters  thus 
worked  with  were  acetic  ester  ;  acetic  allyl  ester  ;  butyric  ester  ;  valeric 
ester  and  benzoic  ester.  The  equation  for  .sodium  and  acetic  ester  was 
given  as  follows  : 
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3  Ca  H3  O,  Ca  H5  +  4  Na  =  3  Na  OC,  H5  +  Na  ( C,  H3  O  )3.  The 
author  looks  upon  sodacetoacetic  ester  as  a  triacetyl  derivative  of  sodium 
and  upon  acetoacetic  ester  as  a  triacetyl  derivative  of  hydrogen  ;  mak- 
ing sodium  and  hydrogen  trivalent. 


WISLICENUS.  J.,  1869 

Ann.  Chem.  149,  205-215. 

/3-Oxybutyric  Acid. 

The  source  of  obtaining  /9-oxybutyric  acid  is  acetoacetic  ester  which 
is  treated  with  sodium  amalgam  and  must  be  kept  cool  during  the  re- 
action for  other- wise  enough  heat  is  generated  by  the  reaction  to  decom- 
pose the  substances  into  carbonates,  acetone  and  alcohol. 


WANKLYN,  A..  1869. 

Ber.  a,  64-65  ;   Ann.  Chem.  150,  206-208. 
Action  of  Sodium  on  Alcohol. 

By  the  action  of  sodium  on  alcohol,  sodethoxid  was  formed,  from 
wliich  the  author  concludes  that  sodium  is  trivalent  [Na'"(  C2  H4  )"]' 
OH.  Tiiis  gives  rise  to  a  new  set  of  compounds  by  replacing  the  hydro- 
xyl  hydrogen  by  radicals. 


WANKLYN.  A.,  1869. 

Ber.  2,  425-427- 

Product  of  the  action  of  Sodium  and  then  Ethyl  lodid  on 

Acetoacetic  Ester. 

No  hydrogen  is  evolved  in  the  first  part  of  this  reaction,  the  chief 
products  of  which  are  sodethoxid  and  sodacetoacetic  ester.  Then  sod- 
ethoxid reacts  with  acetic  ester  to  form  ethyl  acetate  of  sodium,  CH^ 
(  C,  Hs )  CO,  Na.  This  reacts  with  ethyl  iodid  thus  :  2  CH,  (  Ca  H5  ) 
CO,Na+  2  CaH5l=2  Na  I  +  Ca  H5  OH  +  Ce  Hg  (Ca  H5  )a  O3  and 
finally  Ce  Hg  (  C,  H5  )2  O5  reacts  with  sodethoxid  to  form  CH,  (  Ca  H5  ) 
CO2  Na  and  butyric  ester,  Ce  H,2  O2. 


LADENBURQ,  A.,  1870. 

Ber.  3,  305-306. 
Action  of  Sodium  on  Acetic  Ester. 

By  experimenting  on  this  reaction  the  author  concludes  that  no  hydro- 
gen is  given  oflf,  and  that  with  perfectly  dry  acetic  ester  no  action  will 
take  place  below  ioo*J 
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QEUTHER,   A.,  1871. 

Ztschr.  *Chem.  7t  237  ;   Bull.  Scx^.  chim.  16,  107. 
Acetoacetic  Ester  and  Some  of  Its  Derivatives. 

When  acetoacetic  ester  is  treated  with  phosphorus  pentachlorid,  two 
metameric  acids  of  the  formula  C4  He  Oj  are  formed,  quartenylic  and 
tetracrylic.  Chlortetracrylic  acid  C4  H5  CI  Oa,  and  its  salts  are  described. 
Tetrolic  acid,  C4  H^  O,,  is  formed  from  chlortetracrylic  ester  by  an  excess 
of  alcoholic  potash.  Ammonia  in  the  cold  acts  on  acetoacetic  ester  to 
form  a  soluble  amid,  Ce  H,i  NO2.  and  an  insoluble  amid,  Cs  H15  NO2. 
^Original  article  not  consulted. 


MIXTER,  WM.  Q.,  1874. 

Ber.  7,  499-504 ;   Bull.  Soc.  chim.  33,  279. 

Knowledg^e  of  Derivatives  of  Sodacetic  Esters. 

Sodacetoacetic  ester  was  treated  with  isobutyl  iodid  and  Ce  Hg  (C4 
H9  )a  O3  was  obtained  together  with  some  of  the  mono-butyl  derivative, 
C6  H9  (C4  1^9)03.  The  dibutyl  derivative  is  colorless,  insoluble  in 
water,  miscible  with  alcohol  and  ether  and  boils  at  250°  to  253*!  Ce  H9 
(  C4  H9 )  O3  treated  with  barium  hydroxid  is  saponified  to  iso-butyl 
acetone,  CH3  CO  CHa  (  C4  H9  ). 


WISLICENUS,    J..  1874- 

Ber.  7.  683-692  ;  J.  Chem.  Soc.  37,  883  ;    Bull.  Soc.  chim.  33,  457. 

Researches  on  Derivatives  of  Acetoacetic  Ester. 

In  regard  to  the  disputed  action  of  sodium  on  acetic  ester  the  author 
agrees  with  Geuther  that  as  final  products  only  sodethoxid  and  sodaceto- 
acetic ester  are  produced.  By  the  action  of  sodium  on  acetoacetic  ester 
only  one  hydrogen  atom  can  be  replaced,  but  by  replacing  that  sodium 
atom  by  an  alkyl  group  the  other  hydrogen  of  the  methylene  group  is 
rendered  replaceable  by  sodium  and  then  by  an  alkyl  group.  The  ethyl 
and  diethyl  substituted  esters  were  produced  and  described. 


WISLICENUS,  J.,  RUEQHEIMER,  CONRAD,  EHRLICH  AND 
ZEIDLER,  1874. 

Ber.  7t  892-893 ;  J.  Chem.  Soc.  39,  367  ;  Bull.  Soc.  chim.  33,  72. 
Derivatives  of  Acetoacetic  Ester. 

Sodacetoacetic   ester  treated  with  iodin  forms  diacetosuccinic  ester 
which  melts  with  decomposition  at  77°    Sodacetoacetic  ester  treated  with 
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monochloracetic  ester  forms  acetosuccinic  ester  which  boils  at  260**  to 
263**  with  partial  decomposition,  its  specific  gravity  is  1.079  at  21° 

Sodacetoacetic  ester  treated  with  chlorcarbonic  ester,  CI  CO2  C2  H5, 
forms  aceto-malonic  ester  which  boils  at  238**  to  240**  and  has  a  specific 
gravity  of  1.080  at  23° 

Sodacetoacetic  ester  treated  with  allyl  iodid  forms  allylacetoacetic 
ester  an  oil  with  a  specific  gravity  of  .982  at  20! 


WISLICENUS,    J.,    ZEIDLER,    EHRLICH,    ROHRBECK,    WALD- 
SCHMIDT,  SAUR  AND  CONRAD,  1875. 

Ber.  8,  1034-1040;  J.  Chem.  Soc.  29*  368;    Bull.  Soc.  chim.  25,  299. 

Derivatives  of  Acetoacetic   Ester. 

Allylacetoacetic  ester  is  saponified  to  allylacetone,  CH3  CO  CH2  CHa 
CH  CH2.  which  boils  at  130?  Allylacetoacetic  ester  when  treated 
with  sodethoxid  gives  ally lacetic  ester,  CH,  (  C3  H5  )  CO2  C2  H5  boiling 
at  142°  to  144^  from  which  comes  allylacetic  acid  boiling  at  182!*  Ben- 
zylacetoacetic  ester  CH3  CO  CH  (  CHa  Ce  H5  )  CO2  C2  H5  and  the 
dibenzyl  derivative  are  prepared.  Methylacetoacetic  ester  is  converted' 
into  tf-methyl  ^?-oxybutyric  acid  and  ^-methyl  crotonic  acid,  a-ethyl 
/5-oxybutyric  acid  and  «-ethyl  crotonic  acid  are  obtained  similarly. 
Ethyl-methyl  acetoacetic  ester  boiling  at  198**  is  prepared  and  from  it 
ethyl-methyl  acetic  ester  boiling  at  132"  and  its  acid  (valeric)  boiling  at 

137- 

Dichlor-acetoacetic  ester  boiling  at  205**  -207°  is  prepared  and  from  it 
dichloracetone.  Ethyl  acetoacetic  ester  will  form  but  a  mono  chlor 
derivative  therefore  it  is  CH3  CO  C  CI  (  C2  H5  )  CO2  R  not  CH2  CI  CO 
CH  (C2H5)  CO2R. 


WISLICENUS,  Jm  F.  CLOWES  AND  C.  HUQQENBERQ,  1875. 

Ber.  8,  1206- 1209  ;  J.  Chem.  Soc.  29*  565  ;   Bull.  Soc.  chim.  25.  460. 
Ethyl-aceto  Succinic  Esters. 

^-Ethyl-acetosuccinic  ester  was  obtained  from  sodaceto  acetic  ester 
and  a-brombutyric  ester.     Its  formula  is  CH3  CH3 

CO  CH2 

CH CH 

CO2C2H5  C02C2H5,itis 
a  colorless  oil,  boils  at  262  and  dissolves  sodium  at  ordinary  tempera- 
tures, giving  off  hydrogen,      a-ethyl-acetosuccinic  ester  was  obtained 
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by  treating  aceto  succinic  ester  with  sodium,  and  the  product  with  ethyl 
iodid.     Its  formula  is  CH3 

CO 

C  (C,  H5  )— CH, 

CO2  Ca  H5  CO2  C2  H5.  it  boils  at  263°  to  265^ 
and  does  not  dissolve  sodium  at  ordinary  temperatures  nor  when 
gently  heated. 


OPPENHEIM,  A..  AND  H.  PRECHT.  1876. 

Ber.  9»  318-323;  J.  Chera.  Soc.  30,  69  ;  Jsb.  Chem.  1876,  604;   Bull. 

Soc.  chim.  26,  355. 

Formation  of  Acetoacetic  Ester  and  Oxyuvitic  Acid. 

After  studying  the  action  of  sodium  on  acetic  ester  the  authors  con- 
clude that  no  hydrogen  is  given  off,  and  that  the  reaction  is  as  follows: 
3  CH3  COa  Ca  H5  +  4  Na=CH3  CO  CH  Na  COa  Ca  H5  +3  Ca  H5  ONa. 

In  reference  to  oxyuvitic  acid,  they  conclude  that  it  cannot  be  formed 
directly  from  sodacetoacetic  ester  and  chloroform  but  that  the  presence 
of  sodium  ethoxid  is  necessary. 


OPPENHEIM.  A.,  AND  H.  PRECHT,  1876. 

Ber.  9»  323-325  ;  J.  Chem.  Soc.  30,  69  ;  Jsb.  Chem.  1876,  572. 
Production  and  Properties  of  Deliydracetic  Acid. 

Dehydracetic  acid  was  made  by  passing  the  vapor  of  aceto  acetic 
ester  through  an  iron  tube  heated  to  dull  redness.  It  is  a  cr>'stalliue 
substance  of  the  formula  Cg  Hg  O4  which  melts  at  108  and  boils  at  269." 
Acids  do  not  affect  it  but  alkalis  decompose  it  into  acetone  and  acetic 
acid. 


DEMARCAY,  E.,  1876. 

Compt.  rend.  8a,  1337- 1339  ;   J.  Chem.  Soc.  30.  403  ;   Ber.  9t  962; 
Jsb.  Chem.  1876,  551  ;   Bull.  Soc.  chim.  27,  120. 

Oxypyrotartaric  Acid— A  Derivative  of  Acetoacetic  Ester. 

Acetoacetic  ester  treated  with  hydrocyanic  acid  forms  an  addition 
product,  CH3  COH  (CN)  CHa  COa  Ca  H5,  which  is  decomposed  by  water, 
forming  oxypyrotartaric  acid,  CH3  C  OH  (COa  H)  CHa  COa  H,  ammo- 
nia, and  alcohol. 


DEMARCAY,  E..  1876. 

Compt.  rend  83,  449-451  ;  J.  Chem.  Soc.  30,  506  ;   Jsb.  Chem. 

1876,  569. 
Researcli  upon  tlie  Derivatives  of  Acetovaleric  Ester. 

Sodacetoacetic  ester  and  isopropyl  iodid,  CH  I  (C  H3  )a,  react  to  form 
isopropyl  acetoacetic  ester,  CH3  CO  CH  (C3  H7 )  COa  Ca  H^,  which  is 
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acetovaleric  ester.  It  boils  at  200  to  202!,  colors  ferric  chlorid  rose 
violet,  when  treated  with  bromin  and  then  alcoholic  potash  and  then 
hydrochloric  acid,  two  adds  are  formed  according  to  the  amount  of 
bromin  used.     The  acids  resemble  angelic  and  oxy-angelic  acids. 


EMMBRLINQ,  O.  AND  A.  OPPENHEIM,  1876. 

Bar.  9f  1096-1097  ;   Bull.  Soc.  chim.  ay,  298. 
A  New  Ester  of  Acetoacetic  Acid. 

Isobutyl-acetoacetic  ester  was  formed  which  boils  at  202*  to  206*  with 
some  decomposition  ;  its  specific  gravity  is  .979  at  o."  The  ester  dis- 
solves sodium,  and  oxyuvitic  acid  can  be  made  from  it. 


OPPENHEIM,  A.  AND  H.  PRECHT,  1876. 

Ber.  9f  1098 ;   Bull.  Soc.  chim.  ajt  299. 
Action  of  Anilin  on  Acetoacetic  Ester. 

Acetoacetic  ester  was  treated  with  anilin  in  hopes  of  producing  an 

NH  C^  H^  melting  at   235%    was 
produced  instead. 


EMMERLINQ,  O.  AND  A.  OPPENHEIM,  1876. 

Ber.  9*  1098  ;   Bull.  Soc.  chim.  ajt  299. 
Oxidization  of  Acetoacetic  Ester. 

When  acetoacetic  ester  is  oxidized   by  potassium  permanganate, 
potassium  acetate,  potassium  oxalate,  alcohol  and  water  are  formed. 


OPPENHEIM,  A.  AND  H.  PRECHT,  1876. 

Ber.  9f  1099- 1 102  J   B^^-  Soc.  chim.  ay,  299. 
Dehydracetic  Acid. 

Dehydracetic  acid  boiled  with  phosphorus  trichlorid  gives  no  reaction 
but  when  treated  with  phosphorus  oxychlorid  and  phosphorus  penta- 
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chlorid  a  compound,  Cs  He  CI2  O2,  melting  at  101°  is  formed,  which 
proves  the  presence  of  the  hydroxyl  and  carboxyl  groups,  and  also  that 
the  fourth  oxygen  atom  is  united  to  carbon.  Dehydracetic  ester,  Cg 
H7  (Ca  H5  )  O4.  melts  at  91.6%  dehydracetanilid,  Cs  H7  (N  KCe  H5  )  O3, 
fuses  at  115  ,  and  chlor-dehydracetic  acid,  Cs  H7  CI  O4.  fuses  at  93**, 
brom-dehydracetic  acid,  Cs  H7  Br04,  was  also  described.  The  formula 
assigned  to  dehydracetic  acid  is  CH3      OH  CO2  H 

CO        C  =  C 

CH2  -  C=CH 


WISLICENUS.  J.,  1877. 
Ann.  Chem.  186,  161-228  ;  J,  Chem.  Soc.  32»  432. 
Acetoacetic  Ester.  - 

A  short  review  is  given  of  the  work  done  by  diflferent  chemists  on 
the  reaction  between  sodium  and  acetoacetic  ester.  The  methylene 
hydrogen  atoms  of  acetoacetic  ester  can  be  replaced  by  alkyl  groups 
on/y  by  passing  through  the  mono-sodium,  mono-alkyl,  and  sodium- 
alkyl  compounds,  in  that  order.  Diethyl  acetoacetic  ester  boils  at  218° 
and  is  not  attacked  by  sodium  even  at  100.**  In  the  reaction  between 
sodium  and  acetic  ester,  sodium  acetoacetic  ester  and  sodethoxid  are 
formed,  and  if  ethyl  iodid  be  added  now,  ethyl-acetoacetic  ester  is 
formed,  upon  some  of  which  sodethoxid  will  instantly  act  and  form 
sodethylacetoacetic  ester,  which,  in  contact  with  ethyl  iodid  now  gives 
diethylacetoacetic  ester.  Frankland  and  Duppa  wrongly  attribute  the 
last  named  body  to  the  first  action  of  sodiiim  on  acetic  ester.  These 
complications  are  due  to  not  removing  sodethoxid  before  adding  ethyl 
iodid.  The  saponification  of  acetoacetic  ester  derivatives  yields  either 
substituted  ketones  and  a  carbonate,  or  substituted  acetates  and  alcohol. 


CONRAD,  M.,  1877. 
Ann.  Chem.  186,  228-232  ;  J.  Chem.  Soc'  J^t  435  ;  Jsb.  Chem. 

1877,  689. 
Acetoacetic  Amyl  Ester 

Arayl  acetate  treated  with  sodium  produces  acetoacetic  amyl  ester, 
CH3  CO  CH2  CO2  C5  Hi,,  with  no  evolution  of  hydrogen  if  cold,  and 
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only  slight  evolution  in  a  warm  reaction.  Amyl  alcohol  is  also  pro- 
duced. Acetoacetic  amyl  ester  is  colorless,  boils  at  223*,  has  a  specific 
gravity  of  .954  at  10",  and  colors  ferric  chlorid  red.  Ethylacetoacetic 
amyl  ester,  CH3  CO  CH  (  C,  H5 )  CO2  C5  Hxi,  was  also  produced,  it 
boils  at  233'  to  236*,  has  a  specific  gravity  of  .937  at  26*  and  gives  no 
color  with  ferric  chlorid. 


CONRAD,  M.,  1877. 
Ann.  Chem.  186,  232-244 ;  J.  Chem.  Soc.  32,  435  ;  Jsb.  Chem. 

1877,  690. 
Halogen  Substitution  Products  of  Acetoacetic  Ester. 

When  acetoacetic  ester  is  treated  with  bromin  it  takes  it  up  and  hydro- 
bromic  acid  is  given  off,  forming  the  compound  Ce  Hg  Br4  O3.  Its 
specific  gravity  is  2.32  at  21*  and  it  is  decomposed  upon  distillation. 
Chlorin  passed  through  acetoacetic  ester  is  absorbed,  hydrochloric  acid 
is  given  off,  and  Ce  Hg  CU  O3  is  formed.  This  boils  at  205**  to  207"  and 
its  specific  gravity  is  1.293  at  16!  To  prove  the  constitution  of  the  last 
compound  it  was  treated  with  hydrochloric  acid  at  180**,  when  dichlor- 
acetone,  CH3  CO  CH  CU,  was  formed,  and  with  caustic  potash  when 
dichloracetic  ester,  CH  CI2  CO2  C,  H5,  was  separated.  Ethylacetoacetic 
ester  was  treated  with  chlorin  and  CH3  CO  C  CI  (C2  H5  )  CO2  C,  H5 
was  obtained.  The  author  decides  that  the  dichloracetoacetic  ester  is 
CH3  CO  C  CI2  CO2  C2  H5.  Amyl  ester  of  acetoacetic  acid  and  the  amyl 
ester  of  ethylacetoacetic  acid  were  treated  with  chlorin,  and  dichlor- 
acetoacetic amyl  ester  and  ethyl-monochloracetoacetic  amyl  ester  were 
produced. 


BONNE,   JULIUS,   1877. 

Ann.  Chem.  187,  i-n  ;  J.  Chem.  Soc.  32,  437 
Benzoylacetoacetic  Ester. 

When  benzoyl  chlorid  acts  upon  sodacetoacetic  ester  the  two  sub- 
stances combine  and  sodium  chlorid  is  formed.  The  compound,  ben- 
zoylacetoacetic ester,  CH3  CO  CH  ( CO  C6  H5  )  CO2  C2  H5,  decomposes, 
upon  being  distilled,  into  carbon  monoxid,  carbon  dioxid,  benzoic  ester 
and  benzoic  acid.  When  treated  with  caustic  potash  methyl  phenyl 
ketone,  CH3  CO  Ce  H5,  and  a  little  benzoic  acid  are  produced. 
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EHRLICH,  FRANZ  LOUIS.  1877. 

Ann.  Chem.  187,  11-30 ;   J.  Chem.  Soc.  3^1  438  ;   Jsb.  Chem. 

1877,  689. 
Benzylacetoacetic  Ester. 

Benzylacetoacetic  ester  was  made  by  treating  sodacetoacetic  ester 
with  benzyl  chlorid,  it  is  CH3  CO  CH  (CH,  Cs  H5)  CO,  C,  H5,  it  has 
a  specific  gravity  of  1.083  at  18.4*  and  cannot  be  distilled.  When 
saponified  metliyl-phenylethyl  ketone,  CH3  CO  CH,  (CH,  Ce  H5),  is 
obtained,  it  boils  at  235"-236'  and  has  a  specific  gravity  of  .989  at  23.5.' 
When  this  ketone  is  oxidized  acetic  and  benzoic  acids,  carbon  dioxid 
and  water  are  produced.  Dibenzylacetoacetic  ester  was  also  pro- 
duced. The  action  of  nascent  hydrogen  on  benzylacetoacetic  ester  was 
found  to  be  analogous  to  that  on  acetoacetic  ester,  that  is,  a-benzyi 
j9-oxybutyric  ester  was  produced. 


ZEIDLER,  FRANZ.  1877. 

Ann.  Chem.  187.  30-47  ;  J.  Chem.  Soc.  32*  437. 
Allyl-acetoacetic  Ester. 

Allyl-acetoacetic  ester  boils  at  206"  and  gives  a  carmine  color  with 
ferric  chlorid,  its  specific  gravity  is  .982  at  20!  When  saponified  it 
yields  allyl-acetone,  CH3  CO  CH^  C3  H5,  which  boils  at  128**  to  130° 
and  has  a  specific  gravity  of  .834  at  27."  It  is  isomeric  with  mesityl 
oxid,  boiling  point  I3i'-i32°;  with  dumasin  boiling  point  i20''-i25',  and 
with  metacetone  boiling  point  84"-86r  Allyl  acetic  acid,  CH2  (C3  H5) 
CO2  H,  also  obtained  from  the  saponification,  when  oxidized  becomes 
succinic  acid.  Nascent  hydrogen  converts  allyl  acetoacetic  ester  into 
^-allyl  /?rOxy butyric  acid. 


CONRAD,  M.,  1877. 

Ann.  Chem.  188,  217-226 ;  J.  Chem.  Soc.  34»  137. 

Acetsuccinic  Esters  and  Derivatives. 

Acetsuccinic  ester  CH3 
CO 

CH CH2 

CO2  C2  H5        CO2  C2  H5  was  obtained  from  sod- 
acetoacetic ester  and  monochlor-acetic  ester,  it  is  insoluble  in  water, 
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soluble  in  alcohol,  ether  and  benzene,  and  boils  at  254*  to  256!  When 
saponified  with  alcoholic  potash,  acetic  and  succinic  acids  are  pro- 
duced. Barium  hydroxid  produces  j9-aceto-propionic  acid  CH3  CO 
CHa  CH2  COa  H,  a  crystalline  substance  which  melts  at  31!  This  is 
probably  the  same  as  the  levolinic  acid  of  Grote  and  ToUens  (Ann. 
Chem.  I75»  181)     The  ethyl  ester  was  also  produced. 


CONRAD,  M,  1877. 

Ann.  Chem.  188,  226-228  ;  J.  Chem.  Soc.  34,  137. 
Synthesis  of  Pyrotartaric  Acid  from  Acetoacetic  Ester. 

When  sodacetoacetic  ester  is  treated  with  a-brom-propionic  *  ester, 
/9-methyl-aceto-succinic  ester  is  formed,  thus: —  CH3  CO  C  H  Na  COa 
Ca  H5  +  CH3  C  H  Br  COa  Ca  H5  =  CH3 

CO  CH3 

CH CH 

COaCaHs      COaCaHj 

^-Methyl  aceto-succinic  ester  is  acted  upon  by  barium  hydroxid  and 
the  barium  salt  of  pyrotartaric  acid  is  formed. 


ROHRBBCK,  HERMANN,  1877. 

Ann.  Chem.  188,  229-239 ;  J.  Chem.  Soc.  34»  136. 

a-Methyl  )9-0xy butyric  Acid  and  a-Methyl  Crotonic  Acid. 

a- Methyl  ^9-oxybutyric  acid  was  obtained  from  methyl-acetoacetic 
ester  by  the  action  of  sodium  amalgam  and  when  heated  this  a-methyl 
^-oxybutyric  acid  was  changed  into  a-methyl  crotonic  acid,  CH3  CH  :  C 
CH3  COa  H.     The  properties  and  salts  of  each  acid  were  described. 


W>^DSCHMIDT.  ERNST.  1877. 

Ann.  Chem;  188,  240-248  ;  J.  Chem.  Soc.  34.  136. 
Reactions  of  Acetoacetic  Ester. 

a-Ethyl  j9-oxybutyric  acid  and  a-ethyl-crotonic  acid  were  produced 
from  acetoacetic  ester,  the  reactions  being  similar  to  those  of  Rohrbeck* 
which  proves  that  they  are  general.     The  salts  of  these  two  acids  were 
studied  and  described. 
■Sec  pages  7  and  13. 
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SAUR,  RICHARD,  1877. 

Ann.  Chem.  188,  257-269. 
Methyl-ethyl-acetoacetic  Ester,  Methyl-ethyl-acetic  Acid  and 
flc-Methyl-ethyi-^-oxy butyric  Acid. 

Methyl-ethyl-acetoacetic  ester,  CH3  CO  CCCHaXC^  11^)002  Ca  H5, 
is  colorless,  boils  at  198*  and  its  specific  gravity  is  .974  at  22.°  It  pro- 
duces a  violet  color  with  ferric  chlorid.  When  treated  with  sodium 
ethoxid  it  gives  methyl-ethyl  acetic  ester,  CH  (CHjXCa  H5)  CO2  C,  H5, 
while  sodium  amalgam  acting  on  it  produces  a-methyl-ethyl-)9-oxy bu- 
tyric ester. 


CONRAD,  M.,  1877. 

Ann.  Chem.  188,  269-274. 

Metal  Acetoacetic  Esters. 

The  copper,  nickel,  cobalt,  magnesium,  and  aluminum  salts  of  aceto- 
acetic ester  were  produced  and  described.  In  each  case  but  one  hy- 
drogen atom  of  the  methylene  group  in  acetoacetic  ester  can  be  re- 
placed. This  can  be  replaced  by  either  a  metal  or  a  non-metal  because 
its  position  between  two  carbonyl  groups  weakens  its  positive  character. 


NORTON,  TH.  AND  A.  OPPENHEIM,  1877. 

Ber.  10,  701-704 ;   Jsb.  Chem.  1877,  685. 
Action  of  Carbon  Bisulfid  on  Acetoacetic  Ester. 


By  this  action  a  monobasic  acid  of  the  formula  CH3 

CO 


{ 


r\  )    ^'  ^2    H 

^      ^  C:  S  O  C,  H5 
CO,    C,  H5 
was  formed  which  was  named  by  the  authors  thiorufic  acid.     A  metallic 
oxid  and  carbon  bisulfid  acting  on  acetoacetic  ester  produce  a  compound 
CH3  CO  C  (:C:  S)  CO2  C2  H5  which  the  authors  consider  as  the  acetyl 
derivative  of  CH  (:C:  S)  CO2  H,  which  they  name  thio-carbacetic  acid. 
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DEMARCAY,  E.,  1877- 

Ber.  10,  1177-1178. 
Acetoacetic  Ester. 

The  author  has  worked  on  the  chlorcrotonic  acids.  The  methyl, — 
ethyl, — and  propyl-acetoacetic  esters  were  converted  into  the  correspond- 
ing chlorcrotonic  acids  and  described. 


ROHN,  WILHELM,  1877. 

Ann.  Chem.  190,  305-322  ;  Ber.  11,  252;  Jsb.  Chem.  1877,  688. 

Isobutyl-acetoacetic  Ester and  Isobutyl-acetic  Acid. 

Acetoacetic  ester  treated  with  isobutyl  iodid  gives  isobutyl  aceto- 
acetic ester  CH3 

CO 

CH  CHa  CH  (CH3)a 

COa  Ca  H5  which  boils  at  21 7^-2 18''  and  has  a 

specific  gravity  of  .951  at  17.5!  When  saponified  it  yields  isobutyl 
acetone,  CH3  CO  CH^  [CH,  CH  (CHa),],  which  boils  at  142"  to  144*' 
and  has  a  specific  gravity  of  .817  at  17*  and  isobutyl  acetic  acid, 
CH,  [CHa  CH  (CH3)0  CO2  H. 


MIEHLE,  QUSTAV.,  1877. 
Ann.  Chem.  190,  322-327  ;  J.  Chem.  Soc.  34f  490  ;  Jsb.  Chem. 

1877,  688. 
Synthesis  of  Tricarballylic  Acid. 

Acetosuccinic  ester,  made  from  sodacetoacetic  ester  and  monochlor- 
acetic  ester,  was  treated  with  sodium  and  then  with  monochlor-acetic 
ester  and  aceto-tricarballylic  ester  CH2    CO2  Cj  H5 

CH3  CO-C  COa  C2  H5 

CHa    COa  Ca  H5  was  produccd. 
It  boils,  with  decomposition  at  280*  to  300!    When  treated  with  hot 
potassium  hydroxid  it  gives  potassium  tricarballylate  from  which  can 
be  obtained  tricarballylic  acid  C3  H5  (COa  H)3. 
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DEMARCAY,  E.,  i877- 

Compt.  rend.  84,  554-556  and  1087-1089 ;  J.  Chem.  Soc.  3a,  590 ; 
Ber.  10,  732  ;  Jsb.  Chem.  1877,  690. 

Simple  Method  of  Preparing:  Certain  Mono,  Di,  and  Trichlor  Acids. 

Phosphoric  pentachlorid,  acting  on  a  compound  of  the  formula  CH3 
CO  CH  X  CO2  Ca  H5,  forms  a  substituted  monochlor  crotonic  ester  of  the 
formula  CH, :  C  CI  CH  X  CO,  Ca  H5.  In  this  manner  the  methyl, 
ethyl,  propyl,  isopropyl  and  allyl  crotonic  monochlor  esters  were  pre- 
pared. Also  some  di-radical  monochlor  crotonic  esters  of  the  formula 
CHa :  C  CI  C  X  Y  COa  Ca  H5  both  where  X  and  Y  were  alkyl  radicals 
and  where  they  were  acid  radicals.  The  ethyl-monochlor  crotonic  ester 
and  its  isomer  dimethyl-monochlor  crotonic  ester  were  prepared  and 
the  differences  between  them  noted. 


DEMARCAY,  E.,  i»77. 

Compt.  rend.  84,  1032-1033 ;  J.  Chem.  Soc.  3a,  594. 

Some  Derivatives  of  Acetoacetic  Ester. 

By  treating  ethyl-  and  methyl-acetoacetic  esters  each  with  a  quan- 
tity of  bromin  representing  one  molecule  and  saponifying  the  products, 
two  compounds  of  the  composition  3  C5  He  O2  +  Ha  O  and  3  C4  H4  Oa 
+  Ha  O  were  obtained,  which  were  named  pentic  and  tetric  acids  re- 
spectively. Just  double  the  amount  of  bromin  being  used,  two  acids 
were  formed  each  containing  one  atom  of  oxygen  more.  These  were 
named  pentenic  and  tetrenic.  Mono-  and  di-brom-isopropyi  acetoacetic 
esters  also  gave  rise  to  two  acids,  hexic^  3  Ce  Hg  Oa  +  Ha  O,  and  hexeniCy 
3  Ce,  Hg  O3  +  Ha  O. 


SCHNAPP,  HE1NR.»  1877. 

Ber.  10,  1953-1954  and  2227 ;  Ann.  Chem.  aoi,  62-73;  Jsb.  Chem. 

1877,  718. 
Di-ethyl-^-oxybutyric  Acid. 

Di-ethyl-acetoacetic  ester  when  treated  with  sodium  amalgam  gives 
diethyl-/9-oxybutyric  acid  CH3  CH  (OH)  C  (Ca  H5)a  COa  H.  By  heat- 
ing instead  of  forming  the  crotonic  acid  by  splitting  off  water,  it  forms 
acetic  aldehyde  and  di-ethyl-acetic  acid.  The  latter  boils  at  195"  to 
197°  and  has  a  specific  gravity  of  .945. 
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RUCKER,  AUG.,  1^77. 

Ber.  10,  1954  ;  Ann.  Chem.  aoi,  54  ;  J.  Chem.  Soc.  34»  292  ;  Jsb.  Chem. 

1880,  810. 
Methyl  Crotonic  Acid. 

Methyl-acetoacetic  ester,  CH3  CO  CH  (CH3)  CO,  C2  H5,  treated  with 
phosphorus  pentachlorid  gives  only  one  compound  a-methyl  ^-chlor 
crotonic  acid  CH, 

C-Cl 

CH  (CH3) 

CO2  H  which  melts  at  69.5.°  The  barium,  sodium  and 
silver  salts  and  the  ethyl  ester  were  described. 


WOLFF,  CARL,  1877. 

Ber.  10,  1956-1958;  Ann.  Chem.  201,  45;  Jsb.  Chem.  1877,  687. 
Diallyl-acetoacetic  Ester  and  its  Derivatives. 

Diallylacetoacetic  Ester,  CH3  CO  C  (C3  Jl^)^  CO2  C^  H5,  boils  at  239* 
to  241*  and  has  a  specific  gravity  of  .948  at  25!  It  is  decomposed  by 
alkalis  in  two  ways  forming  (i)  diallylacetone  which  boils  at  174°- 175'* 
and  (2)  into  diallylacetic  acid  which  boils  at  22i°-222°  and  has  a 
specific  gravity  of  .949  at  25!*  To  obtain  the  first  product  the  alkali 
is  added  cold  and  the  substance  is  shaken  out  with  ether.  To  obtain 
the  second  add  sulfuric  acid  to  the  dry  mixture  and  the  acid  separates 
as  an  oil.  The  barium,  calcium  and  silver  salts  are  described. 
Possibly  this  diallylacetic  acid  C  H  (C3  H^)^  CO,  H  when  oxidized 
will  give  tricarballylic  acid  C3  H,  (COa  H)3  since  allylacetic  acid 
gives  succinic  acid. 


MEYER,  ViCTOR,  1877. 

Ber.  10,  2075-2078;  Jsb.  Chem.  1877,  5^^  ^^^  770- 
Azoplienylacetoacetic  Acid. 

When  azobenzene  nitrate  C6  H5  Nj  NO3  is  treated  with  potassium 
acetoacetic  ester,   azophenylacetoacetic  acid  CH3  CO  CH  f  Na  Ce  Hs) 
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COa  H  is  formed,  it  melts  at  154"  155?  A  new  acid,  Ce  H9  NO4,  was 
produced  by  treating  acetoacetic  ester  with  nitrous  acid,  it  is  so  un- 
stable that  it  cannot  be  distilled.     Its  constitution  is  either 

CH3  or    CH3 

CO  CO 

C=N— OH         CH— N=0 

CO,  Ca  Hs  COa  Ca  H5 


WISLICENUS,  J.,  1877. 

Ber.  10,  2226-2227. 
The  Saponification  pf  Acetoacetic  Esters. 

The  author  calls  attention  to  the  double  saponification  of  acetoacetic 
esters.  Substituted  acetic  esters  or  acids  are  obtained  as  well  as  sub- 
stituted ketones. 


WISLICENUS,  J.,  1878. 

Ann.  Chem.  190,  257-281  ;  J.  Chem.  Soc.  34»  402  ;    Ber.  11,  251. 

Decomposition  of  Acetoacetic  Ester  by  Alkalis. 

A  large  number  of  experiments  have  been  performed  and  tables  are 
given  showing  the  proportions  of  the  different  products  of  saponification 
under  different  conditions.  It  was  found  that  the  more  concentrated 
the  alkali  and  the  more  it  was  in  excess  the  larger  was  the  proportion 
of  acetic  acid  and  substituted  acetic  acids  and  the  smaller  was  the  pro- 
portion of  carbonate  and  ketones. 


CONRAD,  M.,  1878. 

Ber.  II,  58-60  ;  J.  Chem.  Soc.  34»  403  ;  Jsb.  Chem.  1878,  687. 

Action  of  Sodium  on  Ethoxyacetic  Ester. 

By  the  action  of  sodium  and  then  acetic  acid  on  ethoxyacetic  ester, 
CHj  (O  C2  H5)  CO2  C2  H5.  a  compound  Cio  Hjg  O5  is  formed  which 
boils  at  245°  and  is  believed  to  be  ethoxyacetyl-ethoxyacetic  ester, 
CH2  (OC2  H5)  CO  CH  (O  Ca  H5)  CO2  C,  H5.  It  colors  ferric  chlorid 
violet,  dissolves  sodium  and  forms  a  barium  compound.  Heated  with 
an  alkali  it  gives  ethoxyacetic  ester. 
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MEYER,  VICTOR  AND  J.  ZUBLIN,  1878. 
Ber.  II,  320-324  ;  J.  Chem.  Soc.  34»  487  ;  Jsb.  Chem.  1878,  426. 

Nitroso  Compounds  of   Fatty  Series.     Part  I. 
By  the  action  of  nitrous  acid  on  acetoacetic  ester  a  compound  Ce  H^ 
NO4  was  produced.     It  was  liquid  even  at  25*  below  zero  but  after 
standing  some  months  some  of  it  crystallized.     Acetyl  chlorid  has  no 
action  on  it  which  is  one  proof  of  the  formula  CH3 

CO 

CH  N=0 
COa  C.  H5 
Methyl  acetoacetic  ester  treated  with  nitrous  acid  gives  nitroso-methyl 
acetone,  CH3  CO  CH  (CH3)  NO,  which  forms  white  crystals  soluble  in 
alcohol,  ether  and  chloroform  ;  it  melts  at  74',  and  boils  at  185"  i86' 
undecomposed.  It  is  the  first  nitroso  compound  whose  vapor  density 
has  been  determined.  Ethyl-acetoacetic  ester  treated  with  nitrous  acid 
gives  nitroso-ethyl-acetone,  CH3  CO  CH  (Ca  H5)  NO,  crystals  which 
are  soluble  in  alcohol,  ether  and  chloroform  and  slightly  soluble  in 
water,  it  melts  at  53°-55." 


ALLIHN,  F.,  1878. 

Ber.  II,  567-570;  J.  Chem.  Soc.  34»  566  ;  Jsb.  Chem.  1878,  707. 

Action  of  Sulfuryl  Chlorid  on  Acetoacetic  Ester. 

This  action  produces  two  compounds  according  to  the  proportions  of 
the  chlorid  used.  If  an  excess  of  sulfuryl  chlorid  act  upon  acetoacetic 
ester,  CH3  CO  C  CI2  CO2  Ca  H5,  is  formed.  If  molecular  quantities  of 
the  two  substances  are  taken,  CH3  CO  C  HCl  CO2  C2  H5,  is  formed 
which  is  a  colorless  liquid  boiling  at  193''  to  iqs?  Its  specific  gravity  is 
1. 19  at  14!*     When  saponified  mono-chlor-acetic  ester  is  produced. 


MEYER.  VICTOR  AND  J.  ZUBLIN,  1878. 
Ber.  II,  692-697 ;  J.  Chem.  Soc.  34»  659  ;  Jsb.  Chem.  1878,  726. 

Nitroso  Compounds  of  the  Fatty  Series.     Part  II. 
By  different  manipulations  of  nitrous  acid  and  methyl-acetoacetic 
'ester  three  bodies  were  obtained  : — 
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1)  Nitroso-methyl  acetone  CH3  CO  CH  (CH3J  (NO), 

2)  Nitroso-propioiiic  ester  CH3  CH  (NO)  COa  C,  H5, 

3)  Nitroso-propionic  acid  CH3  CH  (NO)  CO,  H. 

Each  one  was  described,  as  wasnitroso  acetone,  CH3  COCH2  (NO), 
also. 


CONRAD,  M.,  1878. 

Ber.  II,  1055-1058;  J.  Chem.  Soc.  34f  732  ;  Jsb.  Chera.  1878,  743. 
Synthesis  of  Phenylated  Fatty  Acids. 

Benzylacetoacetic  ester,  CH3  CO  CH  (C7  H7)  CO^  C,  H5,  made  from 
acetoacetic  ester,  sodium  etlioxid  and  benzyl  chlorid  is  a  colorless  liquid 
with  boiling  point  276"  and  specific  gravity  1.036  at  15.5!  When  this 
is  treated  with  sodium  and  then  with  methyl  iodid  CH3  CO  C  (CH3) 
(C7  H7)  CO2  Ca  H5  is  produced.  It  is  colorless,  its  boiling  point  is  287' 
and  its  specific  gravity  1.046  at  23";  when  saponified  it  yields  methyl 
benzyl  acetic  acid,  CH  (CH3)  (C7  H7)  CO,  H.  Methyl  benzyl  acetic 
benzyl  ester  or  methyl-hydrocinnamein,  ethyl  benzyl  acetoacetic  ester, 
CH3  CO  C  (Ca  H5)  (C7  H7),  CO2  Ca  H5;  and  benzyl  acetosuccinic 
ester  CHj 
CO 

C  (C7  H7) CHa 

CO2  Ca  H^        CO2  Ca  H5  were  prepared  and  described. 


WISLICENUS,  J.  AND  L.  LIMPACH,  1878. 

Ann.  Chem.  ipa,  128-135  ;  J.  Chem   Soc.  34.  783  ;  Ber.  if,  1245  ' 

Jsb.  Chem.  1878,  720. 

Synthesis  of  Qlutaric  (I>yrotartaric)  and  a-Methyl  Qlutaric  Adds. 

When  sodacetoacetic  ester  is  treated  with  /9-iodio-propionic  ester, 
CHa  I  CHa  CO2  C2  H5.  aceto-glutaric  ester,  CH3 

CO^ 

CH-CH2CHaC02C2H5, 
CO2   Ca  H5   is   produced. 
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It  is  a  colorless  oil  boiling  at  27i"*-272',  it  has  a  specific  gravity  of 
1.0505  at  14.1!  Treating  this  with  alcoholic  potash  and  then  sulfuric 
acid,  glutaric  acid,  CH,  CO2  H 

CHa 

CH2  CO2  H,  is  produced.  Methyl-aceto-glutaric 
ester,  formed  similarly  from  sodmethylacetoacetic  ester  boils  at  280**- 
281'  and  has  a  specific  gravity  of  1.043  at  20!*  When  this  is  saponified 
potassium  methyl-glutarate  CH  (CH3)  CO2  K 

CH, 

CH2  CO2  K  is  produced  which  is  a  crystal- 
line substance  melting  at  76!    The  zinc  and  silver  salts  were  described- 


KRESSNER,  G.,  1878. 

Ann.  Chem.  ipa,  135-141  ;  J.  Chem.  Soc,  34t  783;  Ber.  11,  1245  J  Jsb. 

Chem.  1878,  721. 

Synthesis  of  Pyrotartaric  Acid  from  a-Methyl-aceto-succinic 

Ester. 

a-Methyl-aceto-succinic  ester  saponified    yields    pyrotartaric    acid 
identical  with  that  produced  by  Conrad,  (Ann.  Chem.  188.  226,)  from 
^-methyl-aceto-succinic  ester.     The  two  equations  are  ( i )  a 
CH3 
CO 

C  (CH3) CH2 

CO2  C2  H5,     CO2  C2  H5+3  K0H=CH3  CO2  K+ 

CH  (CH3)  — CH2+2  C2  H5  OH 
CO2  K  CO2  K 

(2)i9CH3 

CO  CH3 

CH CH 

CO2  C2  H5  CO2  C2  H5+3  K0H=CH3  CO2  K+ 

CH2 CH  (CH3)  +  2  C2  H5  OH 

CO2  K     CO2  K 
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HARDTMUTH.  F.  1S78. 

Ann.   Chem.   i93»   142-146 ;  J.   Chem.   Soc.  34»  782  ;  Ber.    11,  1245  ; 
Jsb.  Chem.  1878,  726. 

a<-/9-DimethyI-acet05UCcinic  Ester  and  Symmetrical    Dimethyl- 

succinic  Acid. 

yi-Methyl-acetosuccinic  ester  CH3 

CO         CH3 

CH CH 

CO3  R  COa  R  is  treated  with  sodium 
and  then  with  methyl  iodid  and  thus  a-^-dimethyl-acetosuccinic  ester 
CH3 

CO  CH3 

C  (CH3)— CH 

CO2  R  COa  R  was  produced.  It  boils  at  270*  to  272*  and  its  specific 
gravity  is  i  057  at  27!  When  saponified  it  gives  symmetrical  dimethyl 
succinic  acid.  CH3       CH3 

CH CH 

COa  H  COa  H. 


HUQQENBERQ,  CARL.  1878. 

Ann.  Chem.   192,   146-152;  J.   Chem.  Soc.  34t  782;   Ber.    11,    1246: 

Jsb.  Chem.  1878,  725. 

a-Etliyl-aceto-succlnIc  Ester  and  Etiiyl-succlnic  Acid. 

When  sodacetosuccinic  ester  is  treated  with  ethyl  iodid  «-ethyl- 
acetosuccinic  e.ster  CH, 

CO 

C(CaH,)— CHa 

COa  R  COa  R  results.     It  boils  at  263*  to  265* 

and  sodium  will  not  act  upon  it.  When  this  is  saponified  ethyl- 
.succinic  acid  is  produced  which  melts  at  98?  The  barium,  calcium  and 
silver  salts  and  ethvl  e.ster  of  this  acid  were  described. 
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CONRAD,   M.  AND  LEONARD   LIMPACH,  1878. 
Ann.  Chem.   192.  153-160;   Ber.   11,    1246;    J.   Chem.  Soc.  34»  781  ; 

Jsb.  Chem.  1878,  706. 

Improved  Method  of  Production  of  Mono-  and  Di-ors^anic 

Substituted  Acetoacetic  Esters. 

Add  the  ester  to  a  solution  of  sodium  ethoxid  made  by  dissolving 
sodium  in  absolute  alcohol  and  then  add  the  alkyl  iodid.  The  products 
are  obtained  very  free  from  the  byproducts  which  are  formed  in  the 
usual  methods. 


PRECHT.  H..  1878. 

Ber.  II,  1193-1195;  J-  Chem.  Soc.  34,  970;  Jsb.  Chem.  1878,  706. 

Action  of  Ammonia  on  Acetoacetic  Ester. 

By  this  action  the  compound  Cs  Hn  NO2  is  formed.  It  is  insoluble 
in  water,  soluble  in  alcohol  and  ether,  and  is  decomposed  by  heating. 
It  is  probably  an  amid  and  is  isomeric,  not  identical  with  the  substance 
which  Geuther  obtained  and  called  ammonium  ethylene -dimethylene 
carbonate.* 


*See  pages  i  and  6. 


HARROW,  GEO.  H.  U..  1878. 

J.  Chem.  Soc.  33»  425-438  ;  Ann.  Chem.  aoi,  141  ;  Jsb.  Chem.  1878,  731. 

Pyrotritartaric  and  Carlx>pyrotritartaric  Acids. 

Diacetosuccinic  ester  CH3  CH3 

CO  CO 

CH CH 

CO2  Ca  H5  COa  Ca  H5  made  from  sodacetoacetic 
ester  and  iodin,  is  crystalline  and  melts  at  78'-79"  This  treated  with 
dilute  sulfuric  acid  yields  the  two  acids,  pyrotritartaric  or  uvic  Cy  Hg  O3 
melting  at  135'- 136"  and  carbopyrotri tartaric,  Cs  HsOj  which  melts  at 
23o'-23if    Carbopyrotritartaric  acid  heated  gives  pyrotritartaric  acid 
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and  carbon  dioxid.  Carbop5rrotritartaric  acid  fused  with  potassium 
hydroxid  gives  succinic  and  acetic  acids.  The  formula  assigned  to 
carbopyrotritartaric  acid  is  CH3  CO  CH  CO,  H 

CH-C=C=H, 

CO— O,  and  the  one  assigned  to 
pyrotritartaric  acid  is  CH3 
CO 

CH-CH=C=CH2 
COaH 


ZUBLIN,  J..  1S7S. 

Ber.  ii»  1417-1420;  J.  Chem.  Soc.  34»  879;   Jsb.  Cheni.  1878,  811. 

Azobenzene-acetoacetic  Acid. 

This  name  is  proposed  for  what  V.  Meyer  calls  Azo-phenylacetoacetic 
acid*  (Ber.  10,  2075.)  CH3 

CO 

CH-N=N-C6  H5 

CO,  H.  The  potassium,  barium,  lead,  silver  and 
copper  salts  and  ethyl  ester  are  described  and  also  paraazotoluol-aceto- 
acetic  acid,  CH3  CO  CH  (N^  Ce  H4  CH3)  COa  H,  and  its  ethyl  ester.  ' 

*See  page  17. 


BANDROWSKl,  E.,  1879. 

Ber.  i3»  344-346  ;  J.  Chem.  Soc.  3<^»  523  ;  Jsb.  Chem.  1879,  628. 
Behavior  of  Dibromsucclnic  Acid  with  Water. 

At  high  temperatures  water  decomposes  dibromsuccinic  acid  by 
abstracting  hydrobromic  acid.  Two  acids  are  left,  one  with  a  boiling 
point  between  129*  and  i3o'  which  is  bromomaleic  acid,  the  other  one 
boils  at  172! 


HILGER,  A.,  1879. 

Ann.  Chem.  I95»  314-317  :  Ber.  la,  664  ;   J.  Chem.  Soc.  36,  560  :  Jsb. 

Chem.  1879,  108 1. 
Detection  of  Acetoacetic  Ester  in  Urine. 

Acetoacetic  ester  was  found  in  the  urine  of  diabetic  patients  to  the 
amount  of  .0399  to  .1909  in  100  parts. 


ACETO    ACETIC    ESTER  25 

KONIQ,  HEINR.,   1879. 

Ber.  13,  768-770;  J.  Chem.  Soc.  36,  706;  Jsb.  Chem.  1879,  662. 

Action  of  Hydrocyanic  and  Hydrochloric  Acids  on   Methyl-aceto- 

acetic  Ester. 

Just  as  these  acids  act  on  acetoacetic  ester  to  produce  oxypyrotartaric 
acid  so  they  act  on  methyl- acetoacetic  ester  and  produce  the  next  high- 
er homologue,  oxyadipic  acid  thus:  CH3  CO  CH  (CH3)  00, C,  H5+ 
HCN=CH3  COH  (CN)  CH  (CH3)  CO,  C,  H5  and  then  CH3  C  OH 
(ON)  CH  (CH3)  COa  C,  H5+2  HCl+2  H,  0=CH3  COH  (CO^  H)  CH 
(CH3)  COa  H  +  N  H4  Cl+Ca  H5  CI. 


LADENBURQ,  A.  AND  L.  RUGHEIMER,  1879. 

Ber.  13,  953-954;  J-  Chem.  Soc.  3<i.  7^5  '>  Jsb.  Chem.  1879,  435. 
Acetoacetic  Ester  Derivatives  of  Ortho-tolylendiamin. 

Ortho-tolylendiamin  Ce  H3  CH3  (NH2)2  reacts  with  acetoacetic  ester 

to  formCe  H3CH3<^2>  C  <^jg3C02  C^  H5,  a  solid,  melting  at  82.' 

It  is  insoluble  in  water,  soluble  in  alcohol  and  such  solvents;  when  heated 

j^ 

it  decomposes  into  ethenyl-tolylendiamin  Ce  H3  CH3<^jt"'CC  H3, 

a  solid  which  melts  at  198°- 199! 


ALLIHN,  F.,  1879. 

Ber.  13,  1298-1300;  J.  Chem.  Soc.  3^1  915  ;  Jsb.  Chem.  1879,  627. 

Chlorinated  Metal  Derivatives  of  Acetoacetic  Ester. 

The  chlorinated  metal  derivatives,  corresponding  to  the  formula 
(CH3  CO  CCl  CO2  Ca  H5)x  M,  may  be  produced  by  shaking  the 
monochlor-acetoacetic  ester  with  an  ammoniacal  solution  of  the  salt. 
The  copper,  magnesium,  nickel,  and  cobalt  salts  were  described.  The 
dichlor-acetoacetic  ester  will  give  no  metal  derivatives. 


(^ 
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JOURDAN,    FRIEDRICH,    1879. 

Ann.  Chem.  aoo,  101-119;  J.  Chem.  Soc.  3^,  313;  Jsb.  Chem.  1879,  668. 

Mono-  and  Di-heptyl-acetoacetic  Esters. 

Acetoacetic  ester  treated  with  heptyl  iodid.  C7  H15  i,  and  sodium 
ethoxid  forms  heptyl-acetoacetic  ester,  CH3  CO  CH  C7  H15  CO2  C,  H5. 
a  colorless  oil  which  boils  at  271*  to  273°  and  has  a  specific  gravity  of 
.9324  at  17. 1 r  This  was  saponified  and  heptyl  acetone,  CH3  CO  CH, 
C7  H15,  boiling  at  2i4*-2i5',  with  a  specific  gravity  of  .829  at  17.7*, 
and  heptyl- acetic  acid,  identical  with  nonyl  acid,  were  produced.  Di- 
heptyl-acetoacetic  ester  was  made  in  the  similar  way,  and  from  this 
methyl  diheptyl  carbin  ketone  (diheptyl  acetone),  CH3  CO  CH  (C7 
Hi5)2,  and  diheptyl  acetic  acid,  CH  (C7  Hi5)2  CO2  H,  were  produced. 


VENABLE,  F.  P.,  1880. 

Ber.  I3t  1649- 1652  ;  Jsb.  Chem.  1880,  438. 
Derivatives  of  Heptanes. 

Heptyl-acetoacetic  ester  was  produced  by  the  Conrad  and  Limpach 
method,  it  boils  at  250*  to  260!  When  saponified  it  yielded  methyl 
octyl  ketone,  CH3  CO  CH,  CH  CH3 

C5  Hi,,  which  boils  at  196*  to  198^ 
This  formula  was  assigned  to  it  because  the  heptyl  bromide,  C5  Hn  CH 
Br  CH3,  was  used  to  start  with. 


MORRIS,  GEO.   H.,    1880. 

J.  Chem.  Soc.  37,  6-14  ;  Ber.  13,  427  ;  Jsb.  Chem.  1880,  813. 
a-Methyl-hydroxy-succinic  Acid. 

Acetoacetic  ester  treated  with  hydrocyanic  acid  and  then  with  hydro- 
chloric acid  gives,  CH3  C  (OH)  CH,  CO,  H, 

CO2  H  a  crystalline  substance,  soluble  in  water, 
alcohol  and  ether  which  melts  at  io8f  It  is  the  same  acid  as  Demarc- 
ay's  oxy-pyrotartaric  described  in  Compt,  rend,  82 ^  1337.  The  barium, 
calcium,  potassium,  silver,  lead  and  copper  salts  were  described.  The 
three  isomeric  acids  of  this  formula  were  shortly  discussed. 
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DEMARCAY,  E.,  1880. 

Bull.  Soc.  chim.  33,  516-525  and  575-580  and  34,    31-37  ;  J-  Chem. 

Soc.  38,  625. 

Tetric  and  Oxytetric  Acids  atid  their  Homolos^ues. 

Methyl-acetoacetic  ester  when  treated  with  bromin  forms  two  com- 
pounds, CH3  CO  C  (CH3)  Br  CO,  C,  H5  and  CH,  Br  CO  C  (CH3) 
Br  CO2  Q^  H5.  If  these  are  allowed  to  stand  they  form  CH3  CO  C 
(CH3)  Br  H  and  CH,  Br  CO  C  (CH3)  Br  H,  but  if  treated  with 
alcoholic  potash  they  form  tetric,  3  C4  H4  O3+H2  O,  and  oxytetric  acids, 
3  C4  H4  O3+H3  O.  Three  sets  of  salts  of  tetric  acid  are  formed,  (i) 
Cu  O,  C4  H4  Oa ;  (2)  Ba  O,  2  C4  H4  O, ;  (3)  2  M,  O,  5  C4  H4  O,. 
Phosphoric  pentachlorid  with  tetric  acid  forms  C4  H4  OCU  which  when 
treated  with  chlorin  gives  C4  H4  CI4  O. 

In  the  above  manner,  from  the  alkyl  substituted  acetoacetic  esters, 
the  following  acids  and  many  of  their  salts  were  produced  ;  pentic,  3 
C5  H6  O2+H2  O ;  hexic,  3  Ce  Hg  Oa+H,  O  ;  heptic,  3  C7  Hxo  O^+H, 
O  ;  oxypentic,  3  C5  He  O3+H2  O  ;  oxyhexic,  3  Ce  Hs  O3+H2  O  ; 
oxy heptic,  3  C7  Hio  O3+H2  O,  and  isohexic  and  isoxyhexic.  The 
constitution  of  these  was  worked  out  to  be  ; 

CHa— CHa  CHa— CH  (CH3) 

CO  —  CO  and   CO  —CO  etc. 


HOFMANN,  OTTO,  1880. 

Ann.  Chem.  201,  73-89;  Ber.  I3»  431- 

Action  of  Zinc  and  Allyl  iodid  on  Acetoacetic  and  Diethyl-aceto- 

acetic  Esters. 

The  action  is  the  same  as  with  sodium  and  an  alkyl  halogen,  that  is, 
with  acetoacetic  ester  the  mono-  and  the  di-alkyl  acetoacetic  esters  are 
produced  ;  Ce  H,  (C3  H5)  O3  and  Ce  Hg  (C3  Hs)^  O3.  when  allyl  iodid 
is  used.  When  the  diallyl  acetoacetic  ester  is  treated  with  zinc  and 
allyl  iodid,  diallyl  acetic  ester,  CH  (C3  Hs),  CO,  C,  H5  is  produced. 


/ 


28  BIBLIOGRAPHY    OF 

QUTHZEIT,  MAX,  1880. 

Ann.  Chem.  204,  1-14;  Ber.  13*  1983;  J.  Chem.  Soc.  3^1  871  ;  Jsb. 

Chem.  1880,  827. 

Octylic-acetoacetic  Ester  and  its  Derivatives. 

Sodacetoacetic  ester  treated  with  octylic  iodid,  Cg  H,7  i,  gives  octy- 
licacetoacetic  ester,  CH3  CO  CH  (Cg  H17)  COa  C,  H5.  which  boils  at 
280'  to  282"  and  has  a  specific  gravity  of  .9354  at  18.5.°  It  yields  the 
two  usual  saponification  products,  methyl  nonyl  ketone  CH3  CO  C  Ha 
(Cg  Hiy),  which  boils  at  224°  to  226",  and  octylacetic  acid  CHj  (Cg  Hiy) 
COa  H  which  is  capric  acid  which  boils  at  265*  to  267*  The  barium 
and  calcium  salts  and  ethyl  ester  of  this  acid  were  described. 
Di-octyl-acetoacetic  ester  is  formed  by  further  treatment  of  the 
monoctyl  derivative  with  sodium  and  octyl  iodid,  it  boils  at  340''  to  342! 
This  upon  saponification  gives  dioctyl acetone,  boiling  at  325*  to  330' 
and  dioctylacetic  or  isostearic  acid  which  melts  at  37°- 38*  and  boils  at 
270*  to  275"  under  100  m.  m.  pressure.  The  barium  and  silver  salts 
and  ethyl  ester  were  described. 


BOCKINQ,    EDUARD,  1880. 

Ann.  Chem.  204,  14-26;  Ber.  13*  1983;  J.  Chem.  Soc.  3^.  872.     Jsb. 

Chem.  1880,  812. 

Two  New  Syntheses  of  Ethyl-methyl-oxy-acetic  Acid. 

(i)  From  ethyl-methyl  ketone,  Ca  H5  CO  CH3.  by  treating  it  with 
hydrocyanic  acid  and  then  with  hydrochloric  acid,  C  (C2  H5)  (CH3) 
(OH)  COa   H,  is  produced. 

(2)  From  ethyl-methyl-acetic  acid  (active  valeric)  which  was 
obtained  from  ethyl-methyl -acetoacetic  ester  by  saponification.  CH 
(CH3)  (Ca  H5)  COa  H  boils  at  170'  to  175",  when  treated  with  bromin, 
a  brom-ethyl-methyl-acetic  acid  is  produced  and  this  with  water  gives 
ethyl-methyl-oxy-acetic  acid,  C  (Ca  H5)  (CH3)  (OH)  COa  H. 
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W1SL1CENU5,  Jm  1880. 

Ann.  Chem.  ao6,  308-313  ;  J.  Chem.  Soc.  40^  409 ;  Ber.  i4t  843 ;  Jsb. 
Chem.  1881,  502  ;  Bull.  Soc.  chim.  3<^»  657. 

Decomposition  of  Polyl>asic  Acetoacetic  Esters  by  Alkalis. 

By  a  great  number  of  experiments  it  was  found  that  the  proportion 
of  ketone  or  ketonic  acid  and  carbonate  increased  with  the  dilution  of 
the  alkali  and  the  proportion  of  acetates  or  substituted  acetates  increased 
with  the  concentration  of  the  alkali ;  also  that  isomers  do  not  give  the 
same  proportions  of  like  products. 


BISCHOFF,    CARL,    1880. 

Ann.  Chem.  206,  313-337  ;  J.  Chem.  Soc.  40,  412  ;  Jsb.  Chem.   1881, 

744  ;  Ber.  14.  844. 

Two  Homologues  of  Aceto-propionic  Acid. 

/9-Aceto-isobutyric  or  a-methyl-aceto-propionic  acid,  CH3  CO  CH2 
CH  (CH3)  COa  H,  and  /9-aceto.butyric  acid,  CH3  CH  (COCH3)  CH^ 
CO2  H,  were  described  together  with  their  production  and  their  salts. 


CLAISEN,  L.,  1881. 

Ber.  14.  345-349  ;  J-  Chem.  Soc.  40,  405;  Jsb.  Chem.  188 1,  580  ;  Bull. 

Soc.  chim.  3^»  357. 
Condensation  of  Aldehyde  with  Acetoacetic  Ester. 

The  condensation  is  effected  by  passing  hydrochloric  acid  gas  through 
a  mixture  of  the  substances.  With  acetaldehyde,  acetethylidenacetic 
ester,  CH3  CO  C  (CH  CH3)  CO^  C^  H5,  is  produced.  It  boils  at  210' 
to  212*  and  will  take  up  two  molecules  of  bromin.  Acetobenzyliden- 
acetic  ester,  CH3  CO  C  (CH  Ce  H5)  CO^  Ca  H5,  produced  similarly  from 
henzaldehyde  boils  at  295*  to  297.°  This  also  will  take  up  two  molecules 
of  bromin. 
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QABRIEL,  S.,  1881. 

Ber.  i4f  919-927  ;  J.  Chem.  Soc.  40,  733  ;  Jsb.  Chem.  1881,  798; 

Bull.  Soc.  chim.  3<^»  598. 

Condensation  Products  of  Phthalic  Anhydrid. 

Acetoacetic  ester,  phthalic  anhydrid,  Ce  H4  (C0)2  O,  and  sodium 
acetate  react  together  to  form  ortho-tri-benzoyl-benzene,  C27  Hja  O3, 
and  a  compound,  C12  Hg  O2,  the  composition  of  which  is  unknown 
which  boils  at  209  to  21 1  Ortho-tribenzoyl-benzene  has  the  constitu- 
tion :—  C CO 

/    \         \ 
Ce  H4 —  C      C — Ce  H4 
I  i        I 

CO C     C— CO 

\  /         I 

C C6H4 


HANTZSCH,  A.,  1881. 

Ber.  i4»  1637-1638;  J.  Chem.    Soc.  40,  1028  ;  Jsb.  Chem.  1881,  586; 

Bull.  Soc.  chim.  3<^»  569. 

Condensation  Product  of  Aldehyde-ammonia  and  Acetoacetic 

Ester. 

Acetoacetic  ester  treated  with  aldehyde-ammonia  in  presence  of  zinc 
chlorid  gives  C14  H21  NO4  which  melts  at  131"  and  boils  at  310!  Boiled 
with  hydrochloric  acid  it  is  entirely  decomposed,  treated  with  dry  hy- 
drochloric acid  gas  it  gives  two  bases,  Cn  H17  NO2,  and  Cg  H,3  N.  It 
combines  with  bromin  to  form  C14  H19  Br4  NO4,  and  this  treated  with 
nitric  acid  gives  C14  H15  Br4  NO4,  which  melts  at  102°.  C14  H21  NO4  can 
be  oxidized  to  the  base,  C,4  H19  NO4,  which  is  the  ester  of  coUidine- 
dicarboxylic  acid  and  has  the  formula  C5  N  (C  113)3  (CO2  C2  1^5)2. 


DEICHMULLER,  A.,  1881. 
Ann.  Chem.  209,  22-30  ;  J.  Chem.  Soc.  40*  1162  ;  Jsb.  Chem.  1881,  1054. 

Diabetic  Urine. 

The  author  decides  that  the  substance  in  diabetic  urine  which 
produces  a  red  color  with  ferric  chlorid  is  acetoacetic  acid,  not  the  ester 
of  that  acid  because  by  acidification  and  distillation  acetone  but  no 
alcohol  is  obtained. 
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TOLLENS,   B.,  1881. 

Ann.  Chem.  209,30-38  ;  J.  Chem.  Soc.  40, 1162  ;  Jsb.  Chem.  188 1,  1054. 

Diabetic  Urine. 
The    author    decides    that    the    substance    in    urine    of  diabetic 
patients  which  gives  a  red  color  with  ferric  chlorid  is  not  acetoacetic 
ester  as  is  claimed,  but  the  free  acid  of  that  ester. 


THORNE,  L.  T..  1881. 

J.  Chem.  Soc.  39.  33^-344 ;  B^-  '4.  2238,  Jsb.  Chem.  1881,  759. 
Products  of  the  Action  of  Allcalis  on  ;9-Ethylaceto-succinic  Ester. 

Acetoacetic  ester  treated   with  a-brom-butyric  ester  gives  j8-ethyl- 
aceto-succinic  ester,  CH3  C2  H5 

CO 

CH CH 

CO2  C,  H5  CO2  Ca  H5,  which  boils  at  263°  and  has 
a  specific  gravity  of  1,064  at  16!  When  this  is  treated  with  an  alkali 
ethyl-succinic  acid  is  formed  which  is  identical  with  that  produced  from 
a-ethyl-aceto-succinic  ester,  CH3 

CO 

C  C2  H5 Cxia 

CO2  C2  H5  CO,  Ca  H5,  by  Huggenberg 
(Ann.  Chem.  ip^t  146.)  and  also  «-ethyl-j8-aceto-propionic  acid,  (CH3 
CO)  CH,  CH  (C,  H5)  CO2  H. 


BURTON,  BEVERLY   5.,  1881. 

Am.  Chem.  J.  3f  385-395  J   J-  Chem.  Soc.  42,  599 ;  Ber.  15.  949 ;  Jsb. 

Chem.  1882,  653. 

On  the  Propyl  Derivatives  and  Decomposition  Products 

of  Acetoacetic  Ester. 

Propyl-acetoacetic  ester  is  a  liquid  which  boils  at  208*  to  209* 
and  has  a  specific  gravity  of  .981  at  of 

Di-propyl-acetoacetic  ester  boils  at  235*  to  236°  and  has  a  specific 
gfravity  of  .958  at  o!  Quantitive  experiments  were  made  in  the  saponi- 
fication of  these  esters  and  results  were  obtained,  similar  to  those  of 
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Wislicenus,*  which  are  given  in  a  table.  Di-propyl-acetic  acid  boils 
at  219.5'  and  has  a  specific  gravity  of  .9215  at  o!  Di-propyl-acetone 
boils  at  173*  to  174?  Sodium  amalgam  acting  upon  di-propyl-aceto- 
acetic  ester  failed  to  produce  di-propyl-j9-oxy-butyric  acid  as  was 
expected  but  decomposition  resulted. 


*Ann.  Chem.  186,  161.    See  pages  10  and  29. 


WISLICENUS,  J.,  1882. 

Ann.  Chem.  212,  239-250;  J.  Chem.  Soc.  4^9  934; 
Jsb.  Chem.  1882,  370. 

Comparisons  of   the    Combining  Energies  of  the   Halogens  and 
Sodium  with  Different  Organic  Residues. 

Many  experiments  were  performed  with  acetoacetic  esters  and 
the  following  results  formulated  : 

i)  Towards  similar  organic  residues  the  combining  energy  of  chlorin 
is  greatest  and  of  iodin  is  the  least. 

2 )  Among  compounds  of  the  same  halogen  with  isomeric  radicals, 
the  primary  show  the  least  and  the  tertiary  the  greatest  combining 
energy. 

3)  The  combining  energy  of  iodin  for  alcohol  radicals  of  the  same 
category  (primary  or  secondar^'^)  increases  with  the  molecular  weight 
(addition  of  CH2)  this  increase  being  the  reciprocal  of  the  increase  of 
the  molecular  weight. 

4)  The  combining  energy  of  the  halogen  is  considerably  less  when 
the  residue  is  an  unsaturated  primary  alcohol  radical  (allyl  for  example) 
but  is  considerably  increased  when  the  halogen  is  united  to  a  primary 
but  unsaturated  carbon  atom  (vinyl  iodid  for  example.) 

5)  A  diminution  of  combining  energy  is  produced  by  linking  of  CH, 
group  united  with  the  halogen  to  carboxyl.  The  author  also  shows 
that  the  combining  energy  of  the  sodium  in  the  sodium-acetoacetic 
esters  is  greater  than  that  of  the  sodium  in  the  sodium-alkyl-acetoacetic 
esters. 
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WLEUQEL,   S.,    1883. 

Ber.  15,   1050-1056 ;  J.  Chem.  Soc.  4^,  949 ;  Jsb.  Chem.   1882,  839 ; 
Bull.  Soc.  chim.  381  389. 

Upon  the  Knowledge  of  Nitroso-acetoacetic  Esters. 

Since  of  the  three  compounds  formed  by  the  treatment  of  acetoacetic 
ester  with  nitrous  acid,  namely  :  (i)  the  nitroso-acetoacetic  ester  ;  (2) 
nitroso-propionic  acid  and  (3)  nitroso-acetone,  only  the  second  can  be 
reduced  to  an  amid,  while  the  third  forms  a  ketine,  the  author  in- 
vestigates the  action  of  nascent  hydrogen  on  the  first,  nitroso-aceto- 
acetic ester,  and  obtained  a  dibasic  acid  which  he  calls  ketindicarboxylic 
acid,  C8H8Na04.  The  barium,  silver,  potassium,  ammonium  and 
lead  salts  were  described.  The  author  advances  the  structural  for- 
mula 

N 
/    ^ 

CH3C C   COaH 

CH3C C  COaH 

N 


PROPPER,   MAX,    1883. 

Ber.  I5»  1154  ;  J.  Chem.  Soc.  43»  1193. 

Action  of  Fuming  Nitric  Acid  on  Acetoacetic  and  on  Mono-clilor- 

acetoacetic   Esters. 

A  preliminary  notice  stating  that  the  author  has  obtained  nitroso- 
acetic  and  mono-chlor  nitrosoacetic  esters  by  these  reactions. 
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HANTZSCH,   A.,    1883. 

Ann.  Chem,  215.  1-82;  J.  Chem.  Soc.  44«  82;  Ber.  15.  2912  ;  Jsb. 

Chem.  1882,  491. 

Synthesis  of  Pyridin  Derivatives  from  Acetoacetic  Ester  and 
Aldehyde-Ammonia. 

The  condensation  product  of  acetoacetic  ester  and  aldehyde-ammonia 
is  dihydrocoUidin-dicarboxylic  ester, 

CH3 

I 
C 

/      \ 

COaCaHsC  — H     C— CO2C2H5 

CH3C— H    C  — CH3 

\    / 

N 
The  author  describes  this  and  many  of  its  derivatives. 


CERESOLE,   M.,   i88a. 

Ber.  15,  1326-1328  ;  J.  Chem.  Soc.  42,  1052  ;  Jsb.  Chem.  1882,  758  ; 
Bull.  Soc.  chim.  3®,  390. 

Nitrosoacetone  and  Acetoacetic  Acid. 

By  allowing  a  mixture  of  acetoacetic  ester  and  potassium  hydroxid 
to  stand  a  day  and  then  treating  it  with  an  acid,  acetoacetic  acid  is 
produced.  This  is  the  first  production  of  it.  It  is  a  colorless  liquid, 
mixes  with  water  and  is  strongly  acid.  It  is  very  unstable,  decompos- 
ing at  less  than  loof 


DUISBERQ,  C,  i88a. 

Ber.  15,  1378-1388;   Ann.  Chem.  3i3f  133-181  ;  J.  Chem.  Soc.  4^, 
1 192  ;  Jsb.  Chem.  1882,  841  ;    Bull.  Soc.  chim.  38,  391. 

Contribution  to  the  Knowledge  of  Acetoacetic  Ester. 

By  treating  acetoacetic  ester  with  bromin  the  author  cannot  get  Lipp- 
mann's  dibrom  addition  product  or  Conrad's  dibrom  addition  dibrom 
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substitution  product  but  gets  the  five  successive  substitution  products 
and  describes  each  one.  The  monobrom  product  treated  with  ammonia 
gives  Ce  Hg  O3,  the  ethyl  ester  of  an  acid  which  the  author  names  oxy- 
tetrolic.  This  ester  is  also  produced  if  sodium  act  in  place  of  ammonia, 
and  the  acid  can  be  obtained  by  treating  the  ester  with  sodium  hydroxid. 
Oxytetrolic  acid  has  just  half  the  molecular  formula  of  Herrmann's  suc- 
cinosuccinic  ester  (Ann.  Chem.  3ii»  306).  Passing  ammonia  through 
acetoacetic  ester  gives  a  substance  which  melts  at  20*  to  21"  which  the 
author  calls  paramidoacetoacetic  ester.  Passing  hydrochloric  acid  gas 
through  acetoacetic  ester  gives  a  substance  C8H,o03,  which  boils  at 
290"  to  295°  and  the  author  calls  it  carbacetoacetic  ester. 


QOTTSTEIN,  L.,  1883. 

Ann.  Chem.  3i6,  29-38  ;  J.  Chem.  Soc.  44,  454 ;  Ber.  16,  403  ;  Jsb. 

Chem.  1882,  869. 

Two  New  Caprolactones. 

When  acetoacetic  ester  is  treated  with   a  brom  propionic  ester,  j8 

acetoisobutyric  acid  can  be  obtained,  and  when  sodium  amalgam  acts 

CH 
upon  this,  a  methyl  valero-lactone,  CH3CH<pp.^>CHCH3  is  formed. 

/3  Methyl  valero-lactone,  CH2<qq    ^>CH  CH3,  can  be  formed  in  an 

impure  state  by  the  action  of  sodium  amalgam  on  /9  acetobutyric  acid, 
CH3CH(CaH30)CH2C02H,  which  is  formed  from  acetosuccinic  ester. 


JAKSCH,  R.  v.,  i88a. 

Ber.  15,  1496;  J.  Chem.  Soc.  42,  1120;  Jsb.  Chem.  1882,  1219. 

Occurrence  of  Acetoacetic  Acid  In  Urine. 

The  substance  occurring  in  diseased  urine,  which  gives  a  red  color 
with  ferric  chlorid,  is  proven  to  be  acetoacetic  acid. 
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HALLER,  A.  AND  A.  HELD,  i88a. 

Compt.  rend.  95»  235  237;  J.  Chem.  Soc.  4^,  1280;  Jsb.  Chem.  1882,  845. 

Cyanaoetoacetic  Ester  and  its  Derivatives. 

Cyanacetoacetic  ester,  CH3  CO  CH  (CN)  CO,  C^  H5,  was  produced 
by  passing  cyanogen  chlorid  into  sodacetoacetic  ester.  It  is  a  solid, 
melts  at  26°  and  remains  in  a  superfused  condition  even  at — 15" ;  the 
liquid  has  a  specific  gravity  of  1.102  at  19!  Potassium  hydroxid  de- 
composes it.     The  sodium  and  calcium  derivatives  were  described. 


SCHMID,  WILHELM,  188J. 

J.  prakt.  Chem.  133,  81-83. 

New  Method  of  Producing:  Resocyanin. 

Acetoacetic  ester  and  resorcin  react  in  the  presence  of  zinc  chlorid  to 
form  resocyanin,  which  is  :  C6H3(OH),C(CH3)  :  CHCO^H  [C  :  OH  : 
0H=  1:2:4]. 


WlTTENBERa,  MAX,  1883. 

J.  prakt.  Chem.  134,  66-78  ;  J.  Chem.  Soc.  4^,  1289 ;   Ber.  15,  2908  ; 
Jsb.  Chem.  1882,  716  ;  Bull.  Soc.  chim.  39,  72. 

Resocyanin  and  the  Action  of  Acetoacetic  Ester  on   Phenols  in 
Presence  of  Dehydrating:  Agents. 

Pyrogallol,  C6H3(OH)3,  and  acetoacetic  ester  react  in  the  presence  of 
sulfuric  acid  to  form  allylene-digallein,  C15H12O6,  which  melts  at  235° 

roH 

and  has  the  constitution  :  C6H3  i  O—  CH, 

CsHj  \  O-  CH, 

(  OH      If  ordnol,  QHjCCHjXOH),, 
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be  used,  a  substance  is  produced  which  answers  either  to  the  formula 

(  CH2-CH3 
C.yHjfiOs,  which  would  be  C6H3  ]  OH       I 

(oh       i     q 
(OH      V-^ 
C6H3  ]  OH       I 

(  CH  =  CH,  or  to  the  formula  C31H30 
rCH,-CH-CH,) 
O9,  which  is  C6H3  ^  OH       I  OH  V  C6H3 


COH       )..nOH 
(OH       r  •  ^  OH  ) 
C6H3^0H        I  OH   ^C6H3 

(ch,-ch-chJ 


CERESOLE,  M.,  1883. 

Ber.  I5t  1 871-1 878  ;  J.  Chem.  Soc.  44.  41  ;  Jsb.  Chem.  1882,  860  ;  Bull. 

Soc.  chim.  39*  35- 

Acetoacetic  Acids. 

Acetoacetic  acid,  methyl-,  dimethyl-  and  benzyl-acetoacetic  acids 
were  prepared  by  treating  their  esters  with  an  alkali  in  the  cold,  proving 
this  to  be  an  intermediate  action  in  the  ordinary  saponification  of  these 
esters.  The  ease  with  which  these  compounds  decompose,  as  they  do 
below  100°,  is  attributed  to  the  position  of  the  carbonyl  and  carboxyl 
groups  separated  by  only  one  methylene  or  alkyl  substituted  methylene 
group. 


CONRAD,  M.,  188a. 

Ber.  i5»  2133-2134 ;  J.  Chem.  Soc.  44*  .177  ;  Jsb.   Chem.    1882,  845. 

Hatofeen  Substituted  Acetoacetic  Esters. 

The  author  admits  that  his  formerly  described  dibrom-acetoacetic 
dibromid*  is  probably  only  Duisberg's  tetrabrom-acetoacetic  ester.f 

♦  See  page  11. 
t  See  page  34. 
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LIPPMANN,   Em  i88j. 

Ber.  15,  2142 — 2144.  Jsb.  Chem.  1882,  845. 
The  Position  of  Bromin  in  Acetoacetic  Ester. 

The  author  insists  upon  the  correctness  of  his  former  statement, 
which  Duisberg  denies,  that  a  dibrom-addition  dibrom-substitution 
product  of  acetoacetic  ester,  Ce  Hs  Bra  O3  Bra,  exists. 


MATTHEWS.  A.  E.  AND  W.  R.  HODKINSON,  1883. 

Ber.  15,  2679  ;  J.  Chem.  Soc.  44,  3"  ;  Jsb.  Chem.  1882,  839. 

Production  of  Acetoacetic  Ester. 

Monochlor  acetone,  CH3  CO  CHa  CI,  was  treated  with  potassium 
cyanid  and  the  cyanid  of  acetone,  CHjCOCHa  (CN),  was  obtained. 
This,  when  treated  with  hydrochloric  acid,  gave  acetoacetic  ester. 


YOUNG,  SIDNEY,  1882. 

Ann.  Chem.  3i6,  45-52  ;  J.  Chem.  Soc.  44,  456 ;  Ber.  16,  405  ;  Jsb. 

Chem.  1882.  883. 

Peculiar  Decomposition  of  Substituted  Acetoacetic  Esters. 


CH3 


C3H5 


CO  I 

When  ;9-ethyI-aceto-succmic  ester,    •  C  H  ,  is  heated 

Cxi I 

CO,  C,  H5  ^^»  ^'  ^5 

it  breaks  down  into  ketolactonic  ester  which  can  be  changed  into  keto- 

CH,        O  CH,        O 

I  «  «  « 

1   .    •      J  c— o— c  c— o— c 

lactonic  acid,  «  |  ,  or  |  , 

C CHC,  H5        CH CHC,  H5 

CO,  H  CO,  H 
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JANNY,  ALOIS,  1883. 

Ber.  15.  2778-2783. 
Acetoxim. 

Near  the  close  of  this  article  the  author  records  having  treated 
acetoacetic  ester  with  hydroxylamin  and  obtaining  a  very  stable,  nitro- 
genous acid  body. 


JAPP,  FRANCIS  R.  AND   F.  W.  STREATFEILD,  1883. 

J.  Chem.  Soc.  43t  27-34. 

Condensation  Productof  Phenanthraquinone  with  Acetoacetic  Ester. 

These  substances  will  condense  in  presence  of  either  ammonia  or 
an  alkali,  preferably  the  latter,  to  form  phenanthroxylene-acetoacetic 
ester  which  is : — 

CO  CH 
C6  H4— C :  C<^Q^  ^^  3^^      j^  decomposes  at  184.5  -185.5 

CeH^— CO 

It  was  reduced  by  hydriodic  acid  by  which  the  acetyl  oxygen  was 
removed  giving  phenanthroxylene-isocrotonic  ester.      This  was  dis- 
solved in  an  alkali  and  by  adding  an  acid  another  substance  was  pro- 
duced which  was  : —  r»   tt      r^xr     n  ^CH  :  CHa 
C6  H4-CH=Cv^^Q^  jj 

C6  H4-COOH 
The  investigation  is  being  continued. 


PROPPER,  MAX,  1883. 

Ber.  16, 67  ;  Ann.  Chem.  aaa,  46  ;  J.  Chem.  Soc.  44*  573  ;  Ber.  i7»  14  (c). 

Action  of  Fumins:  Nitric  Acid  on  Acetoacetic  and  on 
Mono-chlor-acetoacetic  Esters. 

The  author  has  decided  after  further  study  that  the  two  compounds, 

C4  H7  O3  N  and  C4  He  CI  O3  N,  obtained  by  these  reactions  are  oximido 

CH:N  •  OH  CC1:N  .  OH 

bodies,   1  ,    and    1  ,  not  nitroso  bodies,  as  he 

'CO.C.H5  CO.CHj 

thought  at  first.     His  principal  reason  for  this  belief  is  that  no  cor- 
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responding  body  can  be  formed  from  the  dichlor-acetoacetic  ester  as 
should  be  the  case  if  it  were  the  monad  nitroso  group  which  was  intro- 
duced. 


CLAISEN,  L.  AND  F.  E.  MATTHEWS,  1883. 

Ann.  Chem.  3i8,  170-185  ;  J.  Chem.   Soc.  4^,  443  ;  Jsb.  Chem.  1883. 
963  ;  Bull.  Soc.  chim.  40,  473. 

Condensation  of  Acetoacetic  Ester  with  Aldeliydes. 

By  treating  acetoacetic  ester  with  aldehydes,  the  following  two  com- 
pounds are  formed,  the  first  one  much  more  easily  than  the  second, 
CH3  CO  C  :  (:  CHR)  CO,  C.  H5  and  CH  :  (:  CHR)  COCH,  CO,  C,  H5. 
Acet-ethylidenacetic  ester,  CH3  COC  :  (:  CHCH3)  CO,  C,  H5.  made  by 
passing  hydrochloric  acid  gas  through  a  mixture  of  acetoacetic  ester 
and  aldehyde  is  a  colorless  liquid  which  boils  at  210.°  to  21 2^  Its 
specific  gravity  is  1.022  at  15!*  It  easily  changes  back  into  aldehyde 
and  acetoacetic  ester.  The  following  were  prepared  and  described. 
Acetisobutylidena':etic  ester,  C6H8  (C4H8)  O3  ;  acetisamylidenacetic 
ester,  Cs  Hg  (C5  H,o)03 ;  acet-trichlor-ethyliden  acetic  ester,  Ce  Hg  (C, 
HCI3)  O3,  which  is  a aceto-trichlor-crotonic  ester;  aceto-furfural  acetic 
ester,  C6  Hg  (C5  H4  O)  O3,  which  is  a  acet-furfuracrylic  ester  ;  aceto 
benzal  acetic  ester  Ce  Hg  (CHCe  H5)  O3 ,  which  is  a  acet-cinnamic 
ester  ;  benzal-acetoethylacetic  ester,  Ce  H5  CH  :  CHCOCH  (C,  H5) 
CO2  C2  H5  ;  and  benzalacetodiethylacetic  ester,  Ce  H5  CH  :  CHCOC 
(C,H5)3CO.CaH5. 


DUISBERQ,  C,  1883. 

Ber.  16,  133-139;  Jsb.  Chem.  1883,  11 12. 

Converting   Acetoacetic    Ester  into  Succinosuccinic   Ester  wtiicli 
is  Convertable  into  Hydroquinone. 

Succinic  ester,  made  from  acetoacetic  ester,  was  treated  with  sodium 
and  sodium  succinosuccinic  ester,  Ci2H,406Na2,  prepared.  As  in  dry 
acetic  ester,  the  sodium  caused  no  reaction  even  at  100°  until  some 
sodium  ethoxid  was  added.     Sodium  succinosuccinic  ester  which  has 
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CH,  — COCHCOaCaHs 
the  formula   I  I  melts  at  127®  and  was  found  to 

CH,— COCHCOaCaHs 

be  identical  with  the  substance  produced  from  brom-acetoacetic  ester 

and  sodium.     This  can  be  changed  into  hydroquinone,  CeH^  (OH),, 

so  that  these  reactions  show  a  case  of  changing  an  acid  of  the  fatty 

series  (acetic)  into  a  benzene  ring. 


PERKIN,  Jr.,  W.  H..  1883. 

Ber.  16,  208-210;  Jsb.  Chem.  1383,  1015  ;   Bull.  Soc.  chim.  40f  46. 
Action  of  Trimethylene  Bromid  on  Sod-acetoacetic  Ester. 

This  reaction  gives  acetotetramethylene  carboxylic  ester, 

CH3 

CO 

I 

C<^g^^>CHa 
COaCaHj 

which  boils  at  223"  to  225.*     From  this  the  acid  and  the  silver  salt 
of  the  add  can  be  obtained. 


DUISBERQ,  C,  1883. 

Ber.  16,  295-297  ;  J.  Chem.  Soc.  44f  656. 

Addition  of  Bromin  to  Acetoacetic  Ester. 

This  article  is  a  reply  to  Lippmann  and  Conrad  on  this  subject.  The 
author  declares  that  acetoacetic  ester  is  saturated  and  cannot  form  an 
addition  product. 


CHANCEL,  a.,  1883. 

Compt.  rend,  g^t  1466- 1470  ;  J.  Chem.  Soc.  44f  914  ;  Jsb.  Chem.  1883, 

1078  ;  Ber.  16,  1495. 

New  Method  of  Synthesis  of  Allcylnitrous  Adds. 

Acetoacetic  ester  and  its  alkyl  derivatives  are  treated  with  nitric  acid 
and  then  with  alcoholic  potash  when  the  nitrites  are  formed.     Treated 
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in  this  manner  acetomethyl-acetic  ester  yields  potassium  ethyl  nitrite, 
CH3  C(N02)2  K.  Ethyl-acetoacetic  ester  gives  potassium  propyl  nitrite, 
CH3CHaC(N02)aK.  Propyl-acetoacetic  ester  boils  at  212'  at 
750  ^'^-  pressure  and  has  a  specific  gravity  of  .979  at  0°  When  treated 
with  nitric  acid  it  gives  potassium  butyl  nitrite,  CH3  CHa  CH,  C(N02)2 
K.  By  acidifying  the  latter  butyl  nitrous  acid  is  obtained,  which  boils 
with  some  decomposition  at  197°  and  has  a  specific  gravity  of  1.205 
at  isr 


HANTZSCH,  A.,  1883. 

Ber.  16,  740-742  ;  J.  Chem.  Soc.  44*   1083. 
Condensation   Products  of  Acetoacetic  Esters. 

Strong  sulfuric  acid  acting  on  acetoacetic  ester  produces  ( i )  mesityl- 

CO  C  H 
oxid-di-carboxylic  ester,  C6H80<pq'  ^  ^^  (2)  mesityl-oxid-anhydro- 

dicarboxylic  ester,  C6H8  0<S5^  ^^^5>  and 

CO 
^^^«^^C02C2H5 
(3)  a  crystalline  body,  polymeric  with  dehydracetic  acid  which  is  a 
dibasic  acid,  the  formula  for  which  is  probably  C14  H14  O7 ;  the  name 
metadehydracetic  acid  is  proposed  for  it.      Ammonia  acts  on  mesityl- 

oxid-anhydrodicarboxylic  ester  to  form  a  salt  Ce  Hs  O  NH3<  ^^^  ^  fi^ 

CO  C  H 

which  with  hydrochloric  acid  gives  Ce  ^s^^po'h      ^  which  in  turn 

CO  H 
can  be  saponified  to  Ce  Hg  O  <  pQ*  „ 


CERESOLE,  M.,  1883. 

Ber.  16,  830-832. 

Diethyl-acetoacetic  Acid. 

Diethyl-acetoacetic  ester  is  allowed  to  stand  several  weeks  with  a 
10%  solution  of  potassium  hydroxid,  the  salt  produced  is  treated  with 
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hydrochloric  acid  and  diethyl- acetoacetic  acid,  CH3  CO  C(C2 115)2 
CO2  H.  is  thus  produced.  It  is  very  unstable,  decomposing  at  60  into 
diethyl-acetone,  CH3  CO  CH  (C2  115)2,  which  boils  at  135°  to  137! 
Diethyl-acetoacetate  of  sodium  was  produced. 


ELION,  H.,  1883. 

Rec*  trav.  chim.  a,  33-34  and  202-204  I  ^^r.  16,  1368  and  2762. 

Diacetyl-acetic  Ester. 

By  treating  ethyl -acetoacetic  ester  with  water-free,  sodium  hydroxid 
and  the  product  with  acetyl  chlorid,  ethyl-diacetyl-acetic  ester  was 
produced,  it  boils  at  235."  Acetoacetic  ester  treated  thus  gives  diacetyl- 
acetic  ester  which  boils  at  210"  to  213*  with  some  decomposition,  its 
specific  gravity  is  i.i  at  15!     It  is  decomposed  by  boiling  with  water. 

*  Original  article  not  consulted. 


MATTHEWS,  F.  E.,  1883. 

J.  Chem.  Soc.  43»  200-207  5  Ber.  16,  1372. 

Condensation   Products  of  Aldehydes  with  Acetoacetic  Ester  and 
some  Substituted  Acetoacetic  Esters. 

This  article  is  almost  the  same  as  the  one  by  Claisen  and  Matthews 
in  tAnn.  Chem.  3i8,  170.  The  author  concludes  that  all  aldehyde 
condensations  with  acetoacetic  ester  take  place  with  the  methylene 
group  and  are  easily  accomplished  because  of  the  position  of  the 
methylene  group  between  the  carbonyl  and  carboxyl  groups,  but  that 
such  condensations  with  mono-or  di-substitution  acetoacetic  ester  take 
place  in  the  methyl  group  and  consequently  are  more  difficult  to  ac- 
complish. 

t  See  page  40. 
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PERKIN,  Jr.,  W.  M..  1883. 

Ber.  16,  1787-1789;  J.  Chem.  Soc.  44*  1083;  Jsb.  Chem.  1883,  1015. 

Action  of  Trimethylene  Bromid  on  Acetoacetic,  Benzoylacetic 
and  Malonic  Esters. 

By  the  action  of  trimethylene  bromid  on  acetoacetic  ester,  aceto-tetra- 

CHj 
1 
CO 

I       OH 
methylene  carboxylic  ester,  C  <^tt^^  CHa,  is  formed  which  is  isomeric 

but  not  identical  with  allyl-acetoacetic  ester.  From  this  is  obtained 
aceto-tetramethylene,    CH3COCH  (€112)3,  which  boils  at  109"- no! 

CeHs 

CO 

Benzoyl-tetra-methylene  carboxylic  ester,  C  <J;f;^>CHa.  was  formed 

I      CJtla 

COaCaHs 

from  tri-methylene-bromid  and  benzoyl -acetic  ester  and  from  it  the  acid, 
the  silver  salt  and  benzoyl-tetra-methylene,  Ce  H5CO  CH  (CHa)3,  were 
obtained. 


WEDEL,   WILHELM,   1883. 

Ann.  Chem.  aipt  71 -119  ;  J.  Chem.  Soc.  4^»  834;  Jsb.  Chem.  1883. 
1060;  Bull.  Soc.  chim.  4if  181  ;  Ber.  16,   2288. 

Derivatives  of  Acetoacetic  Ester. 

By  treating  dibrom-acetoacetic  ester  with  sodium,  an  ester,  CeHy 
O3,  is  produced  and  from  this  its  acid,  C4  H3  O3.  These  resemble  in 
properties  Duisberg's  oxytetrolic  acid  and  ester,  but  the  author  decides 
that  the  ester  is  identical  with  Herrmann's  quinon-hydrodicarboxylic 
ester  of  the  formula  C12  H14  Oe.  By  the  action  of  acetyl  chlorid  on  this 
ester,  a  diacetyl  compound  is  formed  which  the  author  takes  as  proof 
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of  the  existance  of  the  hydroxyl  group  in  both  quinon-hydrodicar- 


CH, 


boxylic  ester  and  acetoacetic  ester  thus : — COH 

II 
C 


-CH, 

COH 

II 
-C  . 


and 


CO.CaHsCO^C^Hs 


CH3 
COH 


or 


CH, 

II 
COH 


CH  CH, 

I  I 

CO2  Ca  H5         CO2  C2  H5.     By  the  action  of  bromin  on  acetoacetic  ester 

the  mono-,  di-.  and  tri-derivatives  only  could  be  formed,  therefore  it 
was  decided  that  all  compounds  seeming  to  have  more  than  three  atoms 
of  bromin  are  mixtures  containing  some  per-brom- acetoacetic  ester, 
C6  Br,o  O3.  which  was  formed  and  which  melts  at  79^-80!  By  heating 
mono-brom-ethyl-acetoacetic  ester  ethyl -succino-succinic  acid  is  pro- 
duced,     CH, CH, 

CO  ,  according  to  the  common  formula  for 


I 
which  is  CO 


C(C,H5)-C(C,H5) 
CO,  H         CO,  H 


CH- 


acetoacetic  ester  or  COC,  H5 
CH 


CO,H 


-CH 
II 
COC2H5,    according  to  the  author's 

-CH 

CO,H 


formula.  Acetoacetic  ester  is  decomposed  by  being  heated  to  140*  with 
acetic  acid.  Acetyl  chlorid  decomposes  acetoacetic  ester  and  some 
carbacetoacetic  ester  is  formed,  which  shows  the  presence  of  hydroxyl 
in  acetoacetic  ester  with  which  the  acetyl  chlorid  formed  hydrochloric 
acid  which  produced  the  carbacetoacetic  ester.  Glycolic,  oxalic  and 
succinic  acids  decompose  acetoacetic  ester  into  carbon  dioxid  and 
acetone. 
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HANTZSCH,  A.,  1883. 

Ber.  16,  1946- 1948  ;    J.  Chem.  Soc.  44»  1082  ;  Jsb.  Chem.  1883,  1068. 

Condensation   of  Acetoacetic  Methyl   Ester  with 
Aldehyde-ammonia. 

This  condensation  is  entirely  similar  to  that  with  the  ethyl  ester,  a 
dihydro-collidin-dicarboxylic  methyl  ester,  C5  N  Hj  (CH3)3(C02CH3)2, 
being  formed.  From  this  were  formed  dihydro-coUidin-monocarboxylic 
methyl  ester,  C5  NH^  (CH3)3  H  (CO2  CH3),  and  collidin-dicarboxylic 
methyl  ester,  C5  N  (CH3)3  (CO,  Cll^)^- 


HANTZSCH,  A.,  1883. 

Ber.  16,  1948-1952  ;  J.  Chem.  Soc.  44*  mi  ;  JvSb.  Chem.  1883,  1069  ; 
Bull.  Soc.  chim.  42,  182. 

Condensation  of  Acetoacetic  Ester  and  Ortho-amidophenol. 

These  substances  condense  as  follows  : 

C6  H4<  j^H^+0:C  <ch'cO.C.  H5  ""  ^^  ^^'^NH^^  "^CH^  CO^C, 
Hs+HaO. 

The  product,  very  unstable,  being  easily  decomposed  into  its  com- 
ponents, melts  at  107**- 108;  A  potassium  salt,  C24H29KO6N2,  was 
formed  ;  one  hydrogen  atom  of  the  amid  group  of  every  two  molecules 
apparently  being  replaceable. 


PECHMANN,  H.  v.  AND  C.  DUISBERQ,  1883. 

Ber.   16,2119-2128;  J.  Chem.  Soc.  46.  66;  Jsb.   Chem.    1883,    1065; 
Bull.  Soc.  chim.  42,  587. 

Compounds  of  Phenols  and  Acetoacetic  Ester. 

In  the  presence  of  a  dehydrating  agent  phenols  and  acetoacetic  ester 
react  to  form  substituted  coumarins. 
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If  resorcin,  Ce  H4  (OH)^,  is  used  ^methyl-umbelliferone, 

C6H.OH<§(^^3):CH, 

is  formed  which  when  treated  with  potassium  hydroxid  gives  resaceto- 
phenon,  C6H3  (OH),  CO  CH3.  The  methyl  ester  and  the  carboxylic  acid 
of  /Smethyl-umbelliferone  were  formed.     a-^-Di-methyl-umbelliferone, 

C6  H3  (OH)  <g  (^^3):  ^^^^3) 

was  formed  from  resorcin  and  dimethyl-acetoactic  ester.    Metatoluene-/?- 

C  rCH  ^  •  CH 
methyl'coumarin,  Ce  H^  CH,  <q  ^       ^^  *  pQ    was    formed  from   para- 

cresol,  Ce  H4  OH  CH3,  and  acetoacetic  ester. 


PERKIN,  Jr.,  W.  H.,  1883. 

Ber.  16,  2 136-2140  ;  J.  Chem.  Soc.  46,  64. 

Action  of  Ethylene  Bromid  on  Acetoacetic  and  Benzoyl-acetic  Esters. 

From   acetoacetic  ester,   ethylene  bromid   and  sodium,    aceto-tri- 

CH3 

CO 

I      CH, 
methylene  carboxylic  ester,  C  <  I       ,  is  formed,  which  boils  at  193'  to 

I      CHa 
CO,  C,  H5 

195!  The  acid  and  the  silver  salt  were  obtained.  Benzoyl- trimethy- 
lene  carboxylic  ester  and  acid  and  benzoyl-trimethylene  were  also 
produced. 


GEUTHER,  A.,  1883. 

Ann.  Chem.  219,   1 19-128  ;  J.  Chem.  Soc.  4^,  836  ;    Ber.  16,   2290  ; 
Jsb.  Chem.  1883,  1065. 

Constitution  of  Acetoacetic  Esters  and  of  Benzene. 

The  formation  of  tri-brom- acetoacetic  ester  by  Wedel  and  the  forma- 
tion of  acetoacetic  ester  from  acetic  ester  are  cited  as  proof  of  the 
formula  CH3  COH  :  C  H  CO,  C,  H5  and   against  CH,  :  COH  CH,  CO, 
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Ca  H5.  Attention  is  called  to  the  colors  produced  by  acetoacetic  com- 
pounds and  phenol  compounds  with  ferric  chlorid  as  indicating  by 
their  similarity  that  these  bodies  are  similarly  constituted.  Comment 
is  made  upon  changing  the  fatty  acid  into  the  benzene  ring  as  pointed 
out  by  Wedel,  that  is,  acetic  ester  into  acetoacetic  ester  and  this  into 
quinonehydrodicarboxylic  ester  and  this  finally  into  hydroquinone. 


JAKSCH,  R.  Vm  1883. 

*Ztschr.  physiol.  Chem.  7»  487-490,   Ber.  16,  2314. 

Acetoacetic  Acid  in  Urine. 

The  author  states  that  he  published  a  paper  in  1880  identifying 
acetoacetic  acid  in  urine,  he  therefore  claims  priority  to  Tollens  f  (Ber. 
■4.  2594). 


*  Original  article  not  consulted, 
t  See  page  31. 


KNORR,  L.,  1883. 

Ber.  16,  2593-2596 ;  J.  Chem.  Soc.  4^.  334 ;  Bull.  Soc.  chim.  43»  654. 

New  Synthesis  of  Quinolin   Derivatives. 

By  varied  conditions  a  reaction  between  acetoacetic  ester  and  anilin 
is  obtained  which  forms  the  compouud  CH3  C  (NCe  H5)  CHa  CO^  Ca  H5, 
which  is  very  unstable.  If  the  reaction  be  interrupted  by  adding  sul- 
furic acid,  X  oxy-a-methyl  quinolin  is  obtained,  which  comes  from  the 
compound  cited  above  by  its  losing  alcohol  thus :  CH3  C  (NC6  H5)  CH, 

N  =*         CCH 
COaCaH5=C6H4<  I        ^+ C,  H5  OH.    It  melts  at  222    The 

'  ^     C  (OH)  :  CH  ' 

intermediate  anilin-acetoacetic  acid,  CH^C  (NCeHj)  CHaCOaH,  was 

also  obtained. 
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KNORR,  Lm  1883. 

Ber.  16,  2597-2599 ;  J.  Chem.  Soc.  4^,  302 ;  Jsb.  Chem.   1883,  795  ; 
Bull.  Soc.  chim.  42,  655. 

Action  of  Acetoacetic  Ester  on  Phenylhydrazin. 

When  these  substances  react  there  is  formed  CH3  C  (HNa  Ce  H5) 
CH2  CO2  Ca  H5.  If  this  be  heated  on  the  water  bath  alcohol  is  given 
offandabody  CioHio  N,  O,  is  left  which  melts.at  127";  it  resembles  car- 
bostyril ;  its  constitution  is  unknown.  When  it  is  heated  with  an 
excess  of  phenylhydrazin  its  anhydrid  C20  Hig  N4  O  is  produced, 
which  from  its  reactions  is  shown  to  contain  a  hydroxyl  group. 


WISLICENUS,  J.,  1883. 

Ann.  Chem.  aiPt  307-321  ;  J.  Chem.  Soc.  44»  966;  Jsb.  Chem.  1883, 

980. 

Methyl-^-butyl  Ketone  and  its  Derivatives. 

Ethyl-methyl-acetoacetic    ester    is    saponified  and    methyl-^-butyl 

ketone,  CH3  COCH  (CH3)  (C,  H5),  obtained,  it  boils  at  118°  and  has  a 

specific  gravity  of  .818  at  14.5!*     By  treating  it  with  sodium  and  water 

two  products  were  obtained,  methyl-^-butyl  carbinol, 

CH3CHOHCH— 

CH3  CH3 

I  I 

—  (CHjXCaHj),  andmethyl-j8-butyl  pinacone,  COH  —       COH 

CHCH3       CHCH3 

C2  H5  C2  H5 

Methyl-j9-butyl    carbinol    is    changed    into    the    iodid    and    then 
by    substituting    hydrogen    for  this   iodin   methyl-di-ethyl-methane, 

H 
Ca  H5  —  C—  CH3,  is  formed. 

CaH^ 
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HECKMANN,  JACOB,  1883. 

Ann.  Chem.  mo,  128-146  ;   Ber.  16,  2675  ;  J.  Chem.  Soc.  4^,  178  ; 
Jsb.  Chem.  1883,  1147  ;  Bull.  Soc.  chim.  42,  54. 

Dinitro-phenyl-acetoacetic  Ester. 

By  treating  sodacetoacetic  ester  with  dinitro-brom-benzene,  dinitro- 
phenyl-acetoacetic  ester,  CH3  CO  C  H  [Ce  H3  (NO2)  2]  CO,  C^  H5, 
is  produced,  it  is  crystalline  and  melts  at  94!  From  this  is  produced, 
by  potassium  hydroxid,  ortho-para-dinitrophenyl  acetic  acid,  CHj  Cs 
H3  (N02)2C02  H,  which  melts  at  160**  and  some  di-nitro-toluol,  Cs 
H3  CH3  (NOa)!-  By  means  of  boiling  alkalis  several  complicated 
decomposition  products  are  obtained  C24  Hig  N6  O15,  melting  at  105.5" 
and  from  this,  C24  Hi6  Ka  Ne  0,5,  C48  H32  Ne  O19  and  a  silver  salt 
C48  H29  Ag3  N6  0,9. 


PAAL,  C,  1883. 

Ber.  16,  2865-2869;  J.  Chem.  Soc.  4^,  598;  Jsb.  Chem.   1883,   1220; 
Bull.  Soc.  chim.  42,  541. 

Action  of  Brpm-acetophenon  on  Sodacetoacetic  Ester. 

These  substances  react  with  separation  of  sodium  bromid  to  form 
CH3COCH(CH2COC6H5)C02C2H5,  which  easily  decomposes  into 
the  acid  and  then  into  acetophenonacetone,  (C6H5COCHa)CH2COCH3  . 
When  acetophenonacetoacetic  ester  is  boiled  with  potassium  hydroxid 
an  acid  C12  H,o  O3  ,  is  formed  by  the  separation  of  alcohol  and  water. 


ROSER,  W.,  1883. 

Ann.  Chem.  220,  271-278  ;  J.  Chem.  Soc.  4^,  423. 

Isopropyl-succinic  or  Pimelic  Acid. 

Isopropyl-succinic  acid  was  made  from  acetoacetic  ester,  mono- 
chloracetic  ester  and  isopropyl  iodid,  the  acetyl  being  removed  and  the 
ester  obtained  being  changed  to  the  acid.     This  was  proven  to  be 

identical  with  pimelic  acid  CH  (CH3)2— CH  <^^"^q  ^    obtained 
from  camphoric  acid. 
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WESTENBERQER,  BERNHARD,  1883. 

Ber.  16,  2991-2998  ;  J.  Chem.  Soc.  4^,  581  ;  Jsb.  Chem.   1883,  978  ; 
Bull.  Soc.  chim.  4^%  444. 

Isonitroso  Bodies. 

The  action  of  hydroxjrlamin  on  acetoacetic  ester  is  given  on  page 
2996  of  this  article.  From  this  reaction  ^-isonitroso-butyric  ester, 
CH3C(NOH)CH2C02C2H5,  results  which  is  very  unstable.  The 
acid  is  formed  from  it.  Isonitroso-methyl-acetoacetic  ester,  CH3C 
(NOH)  CH  (CH3)  COa  Ca  H5  ,  and  the  corresponding  ethyl-  and  di- 
ethyl- products  were  produced  from  the  corresponding  substituted 
acetoacetic  esters,  proving  the  reaction  to  be  a  general  one. 


HANTZSCH,  A.,  1883. 

Ann.  Chem.  M2,  1-46 ;  Ber.  17,  12  (C)  ;  Jsb.  Chem.  1883,  1070 ;  Bull. 

Soc.  chim.  4^,  502. 

Condensation  Products  of  Acetoacetic  Ester. 

Acetoacetic  ester  treated  with  sulfuric  acid  gives  a  condensation 
product  C,8  H22  O9 ,  which  is  formed  from  four  molecules  of  acetoacetic 
ester  by  the  separation  of  three  molecules  of  alcohol.     Its  formula  is 

(OH       COaCaHs) 
Ce  Hy  -^  COaH  COa  H         J^  Ce  H, .        When    treated    with    potassium 

(CO  — O  ) 

hydroxid  and  an  acid  it  yields  two  products,   i )  Ce  H7   \  CO  ^   ,  called 

(  COaH 
mesiten-lactone-carboxylic  acid,  and  2)  its  ethyl  ester.     The  radical 
(Ce  H9)'  being  designated  as  mesiten.     The  mesiten-lactone-carboxylic 

COaH 
I 
acid  or  isodehydracetic  acid  hastheformula  CH3  —  C  :  C  •  C  (CH3)  :  CH, 

O CO 
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and  with  potassium  hydroxid  it  yields  mesityl  oxid.  It  is  a  monobasic 
acid  and  many  of  its  metallic  salts  were  described.  A  few  complicated 
salts    were    investigated    which    appeared    to  come  from   the  acid, 

fOH  Q 

Ce  Hy  •(  CO,  H.     Mesiten-lactone,    Ce  Hg  <nri,>  ,  was  produced  and 

(  CO,  H  ^^ 

CO  H 
described  and  also  oxymesitencarboxylic  acid,  Ce  Hg  <oh     *  ^^^  ^^ 

barium    and    calcium    salts.       Mesiten-lactone-carboxylic    ester, 

r  Q  CO2  Ca  H5 

Ce  H7  )  C0>          ,  or  CH3  —  C  :  C  •  C  (CH3)  :  CH  ,  is  unstable,  tends 
i^O.^^,  ^ 1,^ 

to  take  up  water,  its  boiling  point  is  not  constant,  it  boils  between  270® 

(O  rONH4 

and  310.'    C6H6Br  ^  CO>  ,  and  also   CeHj  -^  CO,  NH4  ,    were 

(COaCaHj  (COaCHs 

prepared  and  described.  The  latter  easily  loses  ammonia,  and  when 
heated  with  water  and  hydrochloric  acid  it  gives  oxymesitendicarboxylic 

(OH 
acid  ester,  Ce  H7  ■<  CO,  H       ,  which   melts  at   76°   and  easily  loses 

(COaCaHs 

rOH 
water  to  form  the  lactone.  It  forms  salts  of  the  formula  CeHy  <  CO,  M     , 

(  COaCaHs 

of  which  the  copper  and  lead  salts  were  described.  The  lactone 
treated    with    potassium    hydroxid    produces  homo-mesaconic   acid, 

COaH 

I 
Ha  C  -  C  (CH3)  :  CH  -COa  H  ,  melting  at  147.'  It  forms  acid  and  nor- 
mal salts,  the  barium,  calcium,  copper,  silver,  acid  potassium  and  acid 
ammonium  salts  were  described.  The  author  concludes  that  Duisberg*s 
carbacetoacetic  ester,  Cg  H,o  O3  ,  is  identical  with  his  mesiten-lactone- 
carboxylic  ester  and  also  that  the  hydroxyl  group  does  not  exist  in 
acetoacetic  ester  but  that  an  intermolecular  change  occurs  during  con- 
densation, the  two  acetoacetic  ester  molecules  first  lose  water  and  are 
connected,  then  an  intermolecular  change  forms  a  hydroxyl  group 
which  gives  up  its  hydrogen  to  form  the  lactone.  The  author  thinks 
the  general  case  to  be  true  that  where  such  a  group  as  Xa  C  :  C  (OH)  X 
occurs  it  will  change  into  Xa  CH  -  COX  but  can  change  back  to  the 
hydroxyl  form  again  during  a  reaction  such  as  the  forming  of  a  lactone. 
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BEHREND,  ROBERT,  1883. 
Ber.  16,  3027-3028  ;  J.  Chem.  See.  4^»  583. 
Action  of  Carbamid  on  Acetoacetic  Ester. 

These  substances  unite  thus  : 

Ce  HX0O3  +  (NHa)a  CO  =  C7  H,,  ^,0,  +  H,0 . 

The  product  formed  is  crystalline  and  melts  at  147.°  Acids  decom- 
pose it  into  acetoacetic  ester  and  carbamid  again.  From  it  can  be 
obtained  the  sodium  salt  of  the  acid  CsHgNa  O3 ,  which  is  CgHyNaNaOj . 
The  author  is  investigating  the  structure  of  the  compound. 


JAMES,  J.  WM.,  1884. 

Ann.  Chem.  2269  202-222  ;  J.  Chem.  Soc.  47,  i-n  ;  Ber.  I7»  604  (C). 
Jsb.  Chem.  1884,  1120. 

Acetoacetic  Ester. 

According  to  Wedel,  ethyl-acetoacetic  ester  is  CH3COC2H5:  CHCOaR 
and  sodiumethylacetoacetic  ester  would  be  CH3  CO  Na  :  C  (C2H5)  COjR, 
so  that  if  it  were  treated  with  acetic  acid  an  isomeric  ethylacetoacetic 
ester  should  be  obtained,  but  the  author  proves  that  an  identical  ethyl- 
acetoacetic ester  is  recovered.  Experiments  were  made  to  determine  if 
the  order  of  introduction  of  alkyl  radicals  in  the  di-substitution  pro- 
ducts affects  the  products.  No  difference  could  be  detected  between 
allyl-methyl-acetoacetic  ester  and  methyl-allyl-acetoacetic  ester  or 
between  ethyl-methyl-  and  methyl-ethyl-acetoacetic  esters.  Acetyl- 
acetoacetic  ester  was  produced  from  acetoacetic  ester  and  acetyl  chlorid, 
it  boils  at  200^-205®  with  slight  decomposition.  It  is  decomposed  by 
water  at  ordinary  temperatures  into  acetoacetic  ester.  The  copper 
and  nickel  compounds  were  described.  An  attempt  was  made  to 
substitute  the  hydrogen  by  sodium  but  it  failed  as  decomposition  took 
place.  The  acetyl-methyl-acetoacetic  ester  was  prepared  from  methyl- 
acetoacetic  ester  and  acetyl  chlorid.  Benzoyl-acetoacetic  ester,  CH3 
COCH  (COC6  H5)  COj  Ca  H5  ,  and  its  copper  compound  were  prepared 
and  described. 
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JONES,  B.  Jm  1884. 

Ann.  Chem.  m6,  287-294 ;  J.  Chem.  Soc.  48,  376 ;  Jsb.  Chem.  1884, 

1 188. 

Decomposition  of  a-Methyl-propyl-^-oxybutyric  Acid  by  Heat. 

This  substance,  CH3CHOHC  (CHaXCjHy)  CO,  H,  is  obtained  by 
the  action  of  sodium  amalgam  on  methyl-propyl-acetoacetic  ester. 
Heated  to  170°  it  decomposes  into  acetaldehyde  and  methyl-propyl- 
acetic  acid.  When  methyl-propyl-acetoacetic  ester  is  saponified  it 
yields  methyl-a-secondary  pentyl  ketone,  CH3COCH  (CH3)  (C3H7), 
which  boils  at  142°  to  147*  and  methyl-propyl-acetic  acid  which  boils 
at  193.'' 


COLLIE,  J.  NORMAN,  1884. 

Ann.  Chem.  2a6,  294-322 ;  J.  Chem.  Soc.  48f  373 ;  Ber.  18,  25  (C)  ; 
Jsb.  Chem.  1884,  11 16. 

Action  of  Ammonia  on  Acetoacetic  Ester. 

Paramido-acetoacetic  ester,  C6  H„  NO2 ,  is  formed  which  may  be 
either  CH3  C  (NH^)  :  CHCO,  C,  H5  or  CH3  C (:  NH)  CH^  CO,  C,  H5.  It 
is  easily  decomposed  into  the  substances  started  with.  Sodium  amal- 
gam changes  it  into  ^-oxybutyric  acid.  It  reacts  with  acetic  acid 
auhydrid  to  produce  ^-acetamido-a-crotonic  ester,  CH3  C  (NHCOCH3) : 
CHCO2  C2  H5  .  When  heated  it  condenses  to  Cto  H,3  NO3  from  which 
the  acid  Cs  H9  NO3 ,  can  be  produced,  which  is  hydroxylutidin-mono- 
carboxylic  acid, 

CH, 
I 

C 
/     \ 
HC        C  — CO2H 

HOC        CCH3 

N 
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When  treated  with  paraldehyde  and  sulfuric  acid  it  gives  dihydrocoUidin 
dicarboxylic  ester, 


CHj 

1 

C 

/     \ 

CHjCH    ceo, 

"*     1                   1 

c. 

H5 

CHjCH    ceo, 

N 

c. 

H5 

CANZONERI,  F.  and  Q.  SPICA,  1884. 

Gazz.*  chim.  I4»  448-453  ;  Ber.  18,  107  (C)  ;  J.  Chem.  Soc.  48,  75. 

Action  of  Amids  on  Acetoacetic  Ester. 

Formamid  reacts  with  acetoacetic  ester  to  form  lutidin-mono-  and  di- 
carboxylic esters  and  a  compound  C12  H15  NO2 ,  to  which  is  attributed 
the  formula 

NH2  NH 

CH C  — CH  — C  — O  — CaHs  CH—    C    CHa— COC2H5 

'I  III:  or     II  I       I  II 

C    C  =  C C  — H  C    C=C C— H 

O— C2H5  O— C2H5 

The  results  of  the  reaction  when  acetamid  is  used  will  be  given  later. 


*  Original  article  not  consulted. 


CHANLAROFF,  MOEHSIN  BEG,  1884. 

Ann.  Chem.  226,  325-343  ;  Ber.  18,  26  (C)  ;  J.  Chem.  Soc.  48,  374. 

Butyrolactone. 

This  is  quite  a  long  article  on  butyrolactone  which  is  produced  from 
acetoacetic  ester  as  follows  : 

CH3COCHNaCO,C2H5+  CH,C1CH,0H=CH3C0CHC0.C.H5 . 

CH^CH^OH 
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This  substance  treated  with  barium  hydroxid  and  then  an  acid  gives 
CHaCOa  HCH2  CHa  OH ,  which  upon  heating  gives  the  butyrolactone, 

CHa  ClXa 
CHa  CO  '^^' 


BLION,  H.,  1884. 

Rec.*  trav.  chim.  3»  231-270;  Ber.  I7»  56S  (C). 

Ethyl-sodacetoacetic  Ester  and  Sodacetoacetic  Ester. 

Ethyl-sodacetoacetic  ester  hydrate,  Cg  H,3  Na03+  HjO ,  and  sodace- 
toacetic ester  hydrate,  C6H9Na03+ HaO,  were  prepared.  Sodium 
bisulfite  forms  a  compound  with  acetoacetic  ester  but  will  form  none 
with  diacetyl- ,  ethylacetyl-  and  ethyldiacetyl-  acetic  esters.  Ethyl- 
diacetyl-acetic  ester,  CH3COC  (Ca  H5)  (Ca  H3  O)  COa  Ca  H5  ,  could  not 
be  prepared  from  sodium  diacetyl-acetic  ester  but  could  be  from  ethyl- 
acetoacetic  ester  and  acetyl  chlorid. 


♦Original  article  not  consulted. 


HELD,  A.,  1884. 

Compt.  rend.  9^,  522-525  ;  Bull.  Soc.  chim.  4<f  330 ;  J.  Chem.  Soc.  4^9 
727;  Jsb.  Chem.  1884,  1121 ;  Ber.  17,  204  (C). 

Ethyl-  and  Methyl-cyanacetoacetic  psters. 

The  esters  could  not  be  prepared  from  the  cyan-acetoacetic  esters  but 
were  successfully  prepared  by  treating  ethyl-acetoacetic  ester  and 
methyl-acetoacetic  ester  with  cyanogen  gas.  Ethylcyanacetoacetic 
ester  boils  at  105^-1 10°  under  15  to  2  m.m.  pressure,  its  specific  gravity 
is  .976  at  20.'  Methylcyanacetoacetic  ester  boils  at  90*^-95  **  under  15 
to  20  m.m.  pressure,  and  has  a  specific  gravity  of  .996  at  20."  The 
decomposition  products  with  potassium  hydroxid  show  that  the  for- 
mulae must  be  CH3COC(CN)(CaH5)  COaCaHs  and  CH3C0C(CN) 

(CH3)COaCaH5. 
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WELTNER,  A.,  1884. 

Ber.  17.  66-73  ;   J.  Chera.  Soc.  4^,  746 ;  Jsb.  Chem.  1885,  1415  ;  Bull. 

Soc.  chini.  43*  336. 

Action   of   Chlor-  and   Brom-acetone,   Aceto-phenon    Bromid   and 
Phenyl-brom-acetic  Acid  on  Acetoacetic  Ester. 

Chlor-  and  Brom-acetone  act  on  acetoacetic  ester  but  no  definite 
results  were  obtained.  Aceto-phenon  bromid,  Ce  H5  COCH2  Br,  acting 
on  acetoacetic  ester  produces  aceto-phenon-acetoacetic  ester,  which, 
when    treated    with    sodium    amalgam    becomes    a   hydroxylactone, 

CH3  CHOHCH  <co '>  ^^^6  ^5  •       Phenyl-brom-acetic    ester    and 

acetoacetic  ester  produce  phenyl-aceto-succinic  ester, 

CH3  CH3 

I  I 

CO  C6  H.  ;  from  this  the  ketone  acid,  CO     Ce  H. , 

If  .11 

CH  CH  CHa  CH 

COaCaHs      COaCaHs  COa  H 

is  formed,  and  from  this  by  the  action  of  sodium  amalgam  the  lactone, 


CANZONERI,  F.  and  Q.  SPICA,  1884. 

Gazz.*  chim.  14.  491-492  ;  Ber.  18,  141  (C)  ;  J.  Chem.  Soc.  48,  750. 
Acetyl-/?-imidobutyric  Ester. 

By  heating  acetoacetic  ester  with  acetamid  and  aluminum  chlorid 
under  reduced  pressure  there  is  produced  acetyl-/?-imidobutyric  ester 
which  melts  at  64'  to  65!     Its  formula  is 

CH3  CO  —  N  =  C  (CH3)  CHa  COa  Ca  H5  . 


♦original  article  not  consulted. 
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PERKIN,  W.  H.,  1884. 

J.  Chem.  Soc.  45«  493  and  540. 

Magnetic  Rotary  Polarization  of  Compounds  in  Relation  to 
Chemical  Structure. 

Tables  of  very   many  substances  are  given,  among  them   are  :— • 
Acetoacetic  ester  at  16.25°  specific  rotation  =0.9278  and  molecular 
rotation    =6.501.      Allylacetoacetic  ester   at    13.9°  specific  rotation 
=  1.09022  ;  molecular  rotation  =  10.382. 


KNORR,  L.,  1884. 

Ber.  I7»  546-552;  J.  Chem.  Soc.  4^*  1153;  Jsb.  Chem.,   1884,  874; 
Bull.  Soc.  chim.  43»  406. 

Action  of  Acetoacetic  Ester  on  Phenylhydrazin. 
Quinizin  Derivatives.* 

The  compound  Co H,o  Na  O,  before  described,  is  now  supposed  to 

have  the  formula 

CH        — NH 
/  \       N      I 
HC       C/    \CCH3, 

I  I  ! 

HC       C  CH, 

c      c 

H        O 

and  is  named  oxymethylquinizin.  The  reaction  between  phenylhy- 
drazin and  acetoacetic  esters  is  general  and  consists  of  two  parts  : — 
(i)  C6  Hs  NHNH,  +  CH3  COCH.CO,  R  =  CH3  CCH,  CO,  R 

A 
HN-N-CfiHs 

and  (2)  this  loses  alcohol  and  leaves  CH3  CCH,  CO 

A        I 
HN-N-CfiH^. 
This  substance  was  studied  and  a  number  of  its  derivatives  described, 
among   them   were  orthotoluoxymethylquinizin,    paratoluoxymethyl- 
quinizin  and  /9-napthodimethyloxyquinizin. 

*See  page  49. 
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PAAL,  C,  1884. 

Ber.  I7f  913-918  ;  J.  Chem.  Soc.  4^,  1177  ;  Bull.  Soc.  chim.  43>  626. 

Derivatives  of  Acetophenon-acetoacetic  Ester. 

CHaCOCHCOaCaHs, 
Acetophenon-acetoacetic  ester,  I  when  saponi- 

CHaCOCfiHs 

fied    yields    acetophenonacetone,    CH3  COCH2  (CHaCOCeHj),    from 

which   were  produced    two    isomeric  compounds   CuHjoO,    one   of 

which  melts  at  4i°-42°,  boils  at  235°  to  240°  and  yields,  on  oxidation, 

benzoic   acid.      The  acid   Cia  Hio  O3 ,  previously   described,  gives  by 

oxidation  benzoic,  acetic  and  carbonic  acids.     An  oil  Ci,  H9  O3  Ca  H5  , 

was  produced  from  this  acid.     The  work  is  being  continued. 


LIBBERMANN,  C.  and  S.  KLEEMANN,  1884. 

Ber.  I7f  918-921;  J.  Chem.  Soc.  46*  1120;  Jsb.  Chem.   1884,   1158; 
Bull.  Soc.  chim.  43.  628. 

Methyl-propyl-acetic  Acid. 

This  acid,  produced  from  methyl-propyl-acetoacetic  ester  which  was 
made  from  methyl-acetoacetic  ester  and  normal  propyl  iodid  is  proven 
to  be  identical  with  the  acid  of  the  same  name  produced  from  saccha- 
rose. 


PERKIN,  Jr.,  W.  H.,  1884. 

Ber.  I7»  1440-1444 ;  J.  Chem.  Soc.  46*  1154  ;  Jsb.  Chem.  1884,  1081  ; 
Bull.  Soc.  chim.  44*  538. 

Trimethylene  Derivatives. 

Aceto-methyl-tri-methylene-carboxylic  ester, 


CH, 
I  ^ 
CO 

CHCH3 , 

CHa 
COaCaHs 


i 
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formed  from  acetoacetic  ester  and  propylene  bromid,  boils  at  210**  to 
215!  From  it  were  produced  the  free  acid  and  aceto-methyl-trimethy- 
lene. 


PERKIN,  Jr.,  W.  H.  and  C.  BERNHART,  1884. 

Ber.  i7f  1522-1527 ;  J.  Chem.  Soc.  4<^,  1121. 

Dehydracetic  Acid. 

Dehydracetic  acid  and  hydroxylamin  form  dehydracetoxim,  C7  Hg  O3 
CNOH ;  dehydracetic  acid  and  phenylhydrazin  form  dehydraceto 
phenylhydrazin,  Cg  Hg  O3  NNH  C6  H5.  Monobromdehydracetic  acid 
melting  at  136'- 137"  was  obtained  and  if  this  be  allowed  to  stand  with 
alcoholic  potash  it  forms  hydroxyl  dehydracetic  acid,  CgHyO^GH, 
which  melts  with  decomposition  at  250*  to  255!  The  silver  salt,  Cg  He 
O5  Ag2,  was  formed  showing  the  acid  to  be  dibasic.  By  careful  treat- 
ment of  dehydracetic  acid  with  cold  potash  an  oil  was  obtained  which 
was  thought  to  be  acetoacetic  acid. 


RICHTER,  V.  V.  AND  H.  MUNZER,  1884. 

Ber.  I7»  1926- 1930  ;  J.  Chem.  Soc.  4^»  1342  ;  Jsb.  Chem.  1884,  105 1  ; 
Bull.  Soc.  chim.  44*  242. 

Benzene-azo  Ketone. 

Benzene-azo-acetoacetic  ester,  CH3  CO  CH  (N,  Cs  H5)  CO,  Ca  H5, 
formed  from  acetoacetic  ester  and  diazobenzene  chlorid  melts  at  75! 
When  saponified  no  substituted  acetic  acid  could  be  obtained,  only  the 
benzene-azo  acetone,  CH3  CO  CH2  Na  Ce  H5,  which  melts  at  148'- 149." 
In  the  same  manner  para-toluene-azo-acetoacetic  ester  and  para-toluene- 
azo-acetone  were  produced. 
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KNORR.  L.,  1884. 

Ber.  i7t  2032-2049 ;  J.  Chem.  Soc.  46,  1377  ;  Jsb.  Chem.  1884,  877. 
Constitution  of  Quinizin  Derivatives. 

Experiments  were  made  which  tend  to  prove  the  constitution  of  these 
bodies.  They  probably  come  from  the  hypothetical  base  quinizin, 
which  is : — 

CH        -NH 
/  \      N      I 
HC      C /    sCH 

I         I  I 

HC      C  CH, 

\  /    \      / 
C         C 
H        H, 

Many  of  the  derivatives  were  described,  among  them  antipyrin,  which 
is  dimethyloxyquinizin, 

CH        — NCHj 
/  \      N      I 
HC      C/    \CCH,. 

I         I  I 

HC      C  CO 

\  /    \    / 

c      c 

H        H, 
and  some  of  its  derivatives. 


KNORR,  L.  and  A.  BLANK,  1884. 

Ber.  17,  2049-2052 ;  J.  Chem.  Soc.  46.  1380. 
Action  of  Substituted  Acetoacetic  Esters  on  Plienylliydrazin. 

Methyl-acetoacetic  ester  and  phenylhydrazin  form  2' :  3'  dimethyl- 
oxyquinizin, 

H 

C  -NH 

/\      N      I 
HC      C/    vCCHj, 

I        I  I 

HC      C  CHCHj 

\  /    \    / 
C         C 
H        O 
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which  melts  at  127*  to  132°  It  is  isomeric  with  antipyrin.  Ethyl- 
acetoacetic  ester  and  phenylhydrazin  form  2' :  3'  methyl-ethyl- 
oxyquinizin  which  melts  at  io8f 


PINNER,  A..  1884. 

Ber.  17.  2519-2520;  J.  Chem.  Soc.  ^,  158;  Jsb.  Chem.   1884,  596. 
Action  of  Acetoacetic  Ester  on  Amidins.     Part  I. 

When  an  amidin  of  the  formula  R  —  C  ~  i-jj  ,  acts  on  acetoacetic 

ester  a  compound  of  the  formula 

R 
C 

/    ^ 

N    N 

H      I 
CHj  C     CO , 

\    / 

c 

H, 

is  formed  and  this  compound  is  changed  by  phosphorus  peutachlorid 
into  the  nucleus 

HC 

/^ 

N      N 

II        I 
HC      CH 

\  ^ 
C 
H 

Benzamidin  gives  a  compound,  CHjoNjO,  which  melts  at  215.5°- 
216°  and  gives  a  platinic  chlorid  salt.  Treated  with  phosphorus 
peutachlorid  it  gives  C„  H,  N,  CI ,  which  is  probably 

CeHj-C 

/  W 

N    N 

II       I 
CH3  C      CCl 

\  // 
c 

H 
Acetamidin  gives  Cs  Hs  N,  O ,  which  the  author  is  studying. 
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PAAL,  C,  1884. 

Ber.  I7»  2756-2767  ;  J.  Chem.  &x.  48,  248. 

Derivatives  of  Acetophenonacetoacetic   Ester  and   Acetonylaceto- 

acetic  Ester. 

One  of  the  two  isomeric  compounds  C,,  H,oO,  obtained  by  dehydrat- 
ing acetophenon-acetone  is  named  dehydraceto-phenon-acetone 
and  given  one  of  the  three  formulae  :  Ce  H5C  :  C  CHa  CO  CH3 ; 
C6H5COCH,C:CCH3;   Cg  H5  COCH,  CHa  C  i  CH  ;     and    the    other 

CH  :  C  (  CH3) 
compound   is  named   phenyl-methyl-furfurane  ,1  >  O  . 

CH :  C  (C6H5) 

Acetophenon-acetoacetic  ester  yields  analogous  dehydrated  derivatives. 

CH3COCHCOaCaH5, 
Acetonyl-acetoacetic  ester,  I  when  treated  with 

CHaCOCHj 

hydrochloric  acid  becomes  pyrotritartaric  ester, 

HC  — CCOaCaHs 

II        II 
CH3  C      CCH3 

\     / 

o 

A  number  of  other  derivatives  of  the  above  compounds  are  described, 
and  their  constitution  indicated. 


BEHREND,  ROBERT,    1884. 

Ber.  17.  2846-2847  ;  J.  Chem.  Soc.  48,  246. 

Derivatives  of  Carbamid. 

The  author  is  investigating  the  products  of  the  action  of  carbamid 
on  acetoacetic  ester.  From  the  first  compound  formed  C5  Hg  N^  O3,  are 
obtained  C5  He  NaOai   C5H3N3O6;   C4  H3  N3  O4  arid  C5  He  N^  O3. 
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PERKIN,  Jr.,  W.  H.,  1885. 

Ber.  18,  218-220;  J.  Chem.  Soc.  4S»  515. 
Dehydracetic  Acid. 

The  subject  of  the  constitution  of  dehydracetic  acid  is  reviewed  and 

the  formula  COa  HC<^9.^^xq  >CCH3,    is  advanced.      The  methyl 

ester  melts  at  90.5°,  is  soluble  in  water  and  the  solution  is  decidedly 
acid.  From  the  methyl  ester  and  sodethoxid  the  compound  Ca  H6  Na 
CH3  O4  is  formed. 


JUST,  FEODOR,  1885. 

Ber.  18,  319-320  ;  J.  Chem.  Soc.  48.  513  ;   Ber.  19,  45  (C). 

New  Method  of  Introducing:  Nitrosrenous  Radicals  in  Malonic  and 

Acetoacetic  Esters. 

This  is  by  the  action  of  imido-chlorids, — benzanilidimido-chlorid,  Cc 
H5C1=N— C6H5,  for  instance.  The  chlorin  is  ehminated  and  the 
remaining  monad  radical  is  substituted.  The  author  is  working  in  this 
line. 


ALLEN,  WM.  AND  ALFRED   KOLLIKER,  1885. 

Ann.  Chem.  227,  107-118  ;  J.  Chem.  Soc.  48,  655  ;   Ber.  18,  154  (C)  ; 
Jsb.  Chem.  1885,  768. 

Some  derivatives  of  Triphenyl-carbinyl-bromid. 

When  sodacetoacetic  ester  is  treated  with  triphenyl-carbinyl-bromid, 
C  Br  (C6 115)3,  there  is  produced  triphenyl-carbinyl-acetoacetic  ester, 
CH3  CO  C[C(C6  Hs)^],  CO,  C2  H5,  a  substance  which  melts  at  i59.5'  to 
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160.5!  When  saponified,  this  yields  triphenyl-carbinyl  ethel  ether, 
CaHjOCCCe  115)3,  melting  at  83%  which,  treated  with  acetyl  chlorid, 
gives  CH3  COa  C(C6  H5)3.  Triphenyl-carbinyl-acetoacetic  ester  when 
distilled  yields  triphenyl  methane,  CH  (Ce  115)3,  which  melts  at  92'*  and 
boils  at  358"  to  360: 


QEUTHER,  A.,  1885. 

Ann.  Chem.  227,  383-384. 

Upon  the  History  of  Acetyl-acetoacetic  Esters. 

*  After  noticing  the  claims  made  by  James  and  by  EHon  to  the  first 
production  of  these  esters,  the  author  calls  attention  to  the  fact  that 
Lippmann  produced  mono-  and  di-  acetyl-acetoacetic  esters  in  1869 
(Ztschr.  Chem.  1869,  28). 


HAITINQER,  L.,  1885. 

Ber.   18,  452-453;  J.  Chem.  Soc.  4^,  761. 

Dehydracetic  Acid. 

Dehydracetic  acid  when  treated  with  aqueous  ammonia  gives 
C8H9NO3  and  C7  H9  NO.  The  former  is  an  acid  which,  when  heated, 
gives  the  latter,  which  is  a  weak  base.  When  C7  H^  NO  is  distilled 
with  zinc  dust  lutidin,  C7H9N,  boiling  at  147°  to  151°  is  obtained. 
Some  analogous  reactions  of  dehydracetic  acid  and  chelidonic  acid  are 

given.     Chelidonic  is  ;  C  (COa  H)  <  ^  ~^  ^'  ^^  >  CH  and  dehy- 
dracetic acid  is  ;  C  (CH3)  <  ceT— CO^^'*  ^  ^^^'  ^  ' 
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BEHREND,  ROBERT,  1885. 

Ann.  Chem.  229,  5-31  ;    Ber.    18,  543   (C)  ;  Jsb.   Chem.    1885,  654. 
Bull.  Soc.  chim.  46,  360. 

Action  of  Urea  on  Acetoacetic  Ester. 

NH  — C  — CH, 
By  this  action  p  Uramidocrotonic  ester,  CO       CH  ,  is  formed. 

NH,     COaCaHj 

NH  — C  — CH, 
I  II  ' 

From  this  was  formed  methylivacyl,  CO       CH  ,  which  decom- 

I  I 

NH  — CO 

poses  at   270^-280°   without  melting.     From  this,   trimethyluracyl, 

CyHioNaOa,  melting  point  103®;   and  nitrouracyl  carboxylic  acid, 

C5H3N3O6  .  were  formed,  and  from  the  latter,  nitrouracyl,  C4H3N3O4  ; 

amidouracyl,  C4  H5  N3  O2 ;  and  oxyuracyl,  C4  H4  N,  O3 .     Amidouracy  1 

salts  give  with   potassium  cyanate,    hydroxyxanthin,  C5H6N4O3  + 

^Ha  O,  which  may  be  oxidized  to  alloxan  and  this  reduced  to  allox- 

antin. 


KUCKERT,  OTTO,  1885. 

Ber.  18,  618-620 ;  J.  Chem.  Soc.  4*,  751  ;  Jsb.  1885,  1351  ;  Bull  Soc. 

chim.  46t  8. 

Action  of  Allcylamins  on  Acetoacetic  Esters. 

Acetoacetic  ester  when  treated  with  methylamin  forms  two  com- 
pounds according  to  the  temperature.  If  kept  at  o®  an  addition  pro- 
duct is  formed  which  melts  at  42^-43°  and  easily  changes  into  an  oil, 
the  same  as  the  product  which  is  formed  if  the  temperature  is  not  kept 

CH3  CH3 

low.     This   is  either  C  =  N  — CH3   or  C— NHCH3.     Diethylamin 

CH,  CH 

CO2  Ca  H5  CO,  C,  H5 
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CH3 
produces  the  compound  of  the  formula  C  —  N  (C2  H^), .    The  methyl- 

II 
CH 

COa  Ca  H5 

amin  product  when  treated  with  paraldehyde  and  sulfuric  acid  forms 
a  condensation  product  C15H33NO4,  resembling  dihydro-collidin 
dicarboxylic  ester. 


HALLER,  Sm  1885. 

Ber.  i8,  706-709 ;  J.  Chem.  Soc.  4^,  818  ;  Jsb.  Chem.   1885,    1082. 

Trimethyl-quinizin  Derivatives. 

The  following  derivatives  of  acetoacetic  ester  were  described  : — 
pseudo-cumylizinacetoacetic  ester,  CisHaaOaNj,  which  melts  at  77°- 
78®  and  has  the  constitution  : — 

CH3 

C        N— NH 

/\     /  \  I 

HC      C  CCH3 ; 

I        I  I 

CH3C        CH  CHa 

\/     \    / 

C  COaCaHs 

CH3 

tetramethyl-oxyquinizin,  Cg  NH3  (CH3)4  ONH.    [(CH3)4  =  i  :3:4:2']  ;* 

pentamethyl-oxyquinizin     (pseudo-cumylautipyrine)    C9  NH3  (CH3)  4 

ONCH3  ,  [(CH3)3  :  NCH3 :  CH3 :  O  =  I  :  3  :  4  :  I' :  2' :  4'  *]    and  isoni- 

trosotetramethyl  oxyquinizin,  C12  H15  O2  N3  . 

I         I' 
C         N 


2  , 

*The  carbon  atoms  were  numbered  thus  : —  I  I  I  , 

3C         C         C3 

c       c 

4  4' 
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PINNER,  A.,  1885. 

Ber.   18,  759-763;  J.   Chem.  Soc.  48.  75^  I  Jsb.  Chem.   1885,    838; 
Bull.  Soc.  chim.  45t  778. 

Action  of  Acetoacetic  Ester  on  Amidins.     Part  II. — Pyrimidins. 

The  formula 

R  — C 

/  w 

N      N 

CH3-C       C-OH  , 

\    // 
C 
H 

is  substituted  for  that  previously  assigned  to  these  bodies  and  the 
nucleus  C4  H4  N^  is  termed  pyrimidin.  Phenyl-methyl-hydroxy-pyri- 
midin  is  further  described. 


QRIESS,  PETER,  1885. 

Ber.  18,  960-966  ;  J.  Chem.  Soc.  48,  788. 
New  Researches  upon  Diazo  Compounds. 

In  this  article  (p.  962)  azo-acetoacetic-benzoic  acid, 

CH3 
P  XT   ^  CO,  H     CO 
^6^4<^  N=N-CH      ' 

COaH 

is  described.     It  is  produced  by  treating  acetoacetic  ester  with  sulfuric 

CO  H 

acid  and  meta  diazo-benzoic  acid  sulphate,  C6H4<j^_2^ qq  tj 
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SCHILLER-WECHSLER,  MAX,  18S5. 

Ber.  18,  1037-1052  ;  J.  Chem.  Soc.  4^^  900. 
Anilido-pyrotartaric  Acid. 

In  this  article  mention  is  made  of  cyanhydriu  of  acetoacetic  ester  or 
^9-c>an-;9-oxybutyric  ester,  CH3  C  (CN)(OH)— CH,  COaC^  H5  ,  which 
was  produced  by  treating  acetoacetic  ester  with  hydrocyanic  acid.  It 
is  very  unstable,  from  it  was  prepared  )9-cyan-/9-anilido-butyric  ester, 
CH3  C  (CN)  —  (NHC6  H5)  CH,  CO,  C,  H5 ,  by  the  action  of  anilin. 


MANTZSCH,  A.,  1885. 

Ber.   18,  1744-1749;  J.  Chem.  Soc.  48,  1078;  Jsb.  Chem.  1885.  815; 
Bull.  Soc.  chim.  4^,  166. 

Constitution  of  Syntlietical  Pyridin  Derivatives 

After  discussing  the  reactions  of  these  bodies  the  author  decides 
that  the  tri-methyl-pyridin-dicarboxylic  acid  obtained  from  ammonia, 
aldehyde  and  acetoacetic  ester  has  the  formula  : 

CH3 

I 
C 

/  w 

CO,HC      C  — COaH 

CH3— C      C  — CH3 

\// 

N 


MICHAEL,  R.,  1885. 
Ber.  18,  2020-2029;  J.  Chem.  Soc.  48»  1244;  Jsb.  Chem,   1885,  826. 

Syntliesis  of  Pyridin  Derivatives  from  Acetoacetic  Ester, 
Aideliyde  and  Ammonia. 

By  using  an  excess  of  aldehyde  a  product  different  from  the  usual 
one  is  formed  which  is  a  — /'-lutidin-^-carboxylic  ester,  C5  NH2  (CH,)^ 
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CO2  Ca  H5 .  It  is  an  oil  which  boils  at  246°  to  247°  and  from  it.  its 
acid  can  be  formed,  the  calcium  salt  of  which,  when  distilled  from  lime, 
yields  2:4,  hitidin.  The  free  acid  C5  NH^  (CHa),  CO,  H ,  can  be 
oxidized  to  carbocinchomeronic  acid.  C5  NH^  (CO2  H)3  [2:3:4], 
which  yields  cinchoraeronic  acid,  C5  NH3  (CO2  H),  [2:3]. 


BUCHKA,    K.,  1885. 

Ber.   18,  2090-2093;  J.  Chem.  Soc.  4^,  1200;  Jsb.  Chem.  1885.  1351. 

Action  of  Sulfur  Chlorid  on  Sodacetoacetic  Ester. 

The  sulfid  of  acetoacetic  ester  (CH3  COCHCO2  C^  Hj)^  S ,  is  produced 
by  this  action.  It  melts  at  80"  to  Si."  The  reduction  or  condensation 
of  this  was  impossible  because  of  its  unstability.  Carbonyl  chlorid 
acts  on  sodacetoacetic  ester  to  form  chloracetoacetic  ester. 


FITTIQ,  R.,  1885. 

Ber.  18,  2526-2527;  J.  Chem.  Soc.  50*  47. 

Condensation  of  Acetoacetic  Ester  with  Dibasic  Acids. 

Acetoacetic  ester  condenses  with  succinic  acid  to  form  a  compound 
CioHiaOj,  which  melts  at  75° -76°  and  which  is  a  mono-ethyl  salt  of 
a  dibasic  acid,  CgHgOj.  This  acid  melts  at  199''  to  200^  With 
sodium  pyrotartrate,  acetoacetic  ester  gives  the  mono-ethyl  ester  of  the 
acid  C9  Hio  O5 .     Further  investigations  are  being  made  in  this  line. 


HANTZSCH,  A.,  1885. 

Ber.  18,  2579-2586  ;  J.   Chem.  Soc.  50.  77  ;  Jsb.   Chem.    1885,  830. 

Constitution  of  the  Synthetical  Hydro-pyridin  Derivatives. 

The  hydrogen  in  these  compounds  has  been  assumed  to  be  in  con- 
nection with  carbon  but  as  Kukart  has  obtained  a  substituted  hydro- 
pyridin  derivative  by  the  action  of  paraldehyde  and  sulfuric  acid  on  the 
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product  of  reaction  between  methyl-amin  and  acetoacetic  ester,  it 
follows  that  nitrogen  must  be  present  as  an  imido  group  which  gives 
for  the  nucleus  formula  : 

H 

C 
/     \ 

c    c 

I       I 

c    c 

\  / 

H 

Benzylidin-diacetoacetic  ester,  CeHjCH  (CeH^Oj),,  melting  at  152**- 
153"  and  dehydrobenzylidin  diacetoacetic  ester, 

^'^CCH3:CCO,C,H5    -^  ^^^  "5  » 

melting  at  87"-88"  were  formed  from  acetoacetic  ester  and  benzal- 
dehyde  but  the  presence  of  some  primary  amin  is  necessary. 


JAKSCH,  R.  v.,  1885. 

Ber.  19.  781  (C). 

Acetonurea  and   Diaceturea. 

The  author  states  that  acetoacetic  acid  is  not  found  in  normal  urine 
and  as  an  explanation  of  its  origin  in  diseased  urine  he  supposes  that 
it  came  from  acetone  by  the  taking  up  of  oxygen,  uniting  with  formic 
acid  and  then  splitting  off  water. 


PERKIN,  Jr..  W.  H.,  1885. 

J.  Chem.  Soc.  47t  801-855. 
Synthetical  Formation  of  Closed  Carlx>n  Chains. 

On  pages  834-835  of  this  long  article,  the  author  shows  the  many 
differences  in  behavior  between  acetyl  tri-methylene  carboxyiic  ester, 
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CH, 


CHjCO     >c<V"' 


and  di-methyl-acetoacetic  ester, 

CH3CO         ^   C   <-  C^3  . 

although  they  only  diflFer  in  composition  by  two  hydrogen  atoms. 


PINNER,  A.,  1885. 

Ber.  18,  2845-2852  ;  J.  Chem.  Soc.  50,  45  ;  Jsb.  Chem.  1885.  840 ; 
Bull.  Soc.  chim.  45.  852. 

Action  of   Acetoacetic  Ester  on  Amidins.      Part  III. — Pyrimidins. 

With  the  exception  of  formamidin  all  the  amidins  experimented  with 
form  pyriraidins  ;  formamidin  yields  cyanacetoacetic  ester.  Aceta- 
midin  yields  di-methyl-hydroxy-pyrimidin,  propionamidin  yields  ethyl- 
methyl-hydroxy-pyrimidin, 


CHsC 

/  ^ 

N      N 

CHjC       COH 
\    / 
C 
H 

Phenyl-methyl-hydroxy-pyrimidin,  C11H10N2O;  phenyl-methyl-pyri- 
midin,  diHioNa ;  phenyl-methyl-ethoxy-pyrimidin,  CiiH9(OC2H5)N2 ; 
and  phenyl-methyl-pyrimidin  anilid,  C,,H9N2NHC6H5  were  described. 
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EPSTEIN.  W.,  1885. 

Ann.  Chem.  ^31,  1-36  ;    J.  Chem.  Soc    50»  257  ;    Ber.  I9t  18  (C)  ; 
Bull.  Soc.  chim.  4^,  435. 

Condensation  of  Cinnamaldehyde  with  Ammonia  and  Acetoacetic 

Ester. 

These  substances  condense  to  form  benzylidenedihydrocoUidin-dicar- 
boxylic  ester  which  melts  at  148°  to  149®  and  which  can  be  oxidized 
to  benzylidene-coUidin-dicarboxylic  acid, 

CHrCHCfiHj 

C 

CO,HC      CC0aH  +  2H2  0, 

CH3C      CCH3 
\    / 

N 

which  melts  at  218'  to  219''  When  anhydrous  it  melts  at  241!  The 
potassium  salt  may  be  oxidized  by  potassium  permanganate  to  lutidin- 
tricarboxylic  acid  which  is  diflFerent  from  the  one  described  by  Hantzsch 
in  Ber.  I5»  2915  and  i7»  2908.  By  reduction  it  gives  lutidin  which  is 
a-a'-dunethylpyridine,  an  isomer  of  Hantzsch' s  lutidin. 


ENQELMANN,  FRANZ.  1885. 

Ann.  Chem.  231,  37-71  ;  Ber.  19.  16  (C)  ;  J.  Chem.  Soc.  50,  258  ;  Jsb. 

Chem.  1885.  1357  J  Bull-  Soc.  chim.  4^t  437. 

Action  of  Homologues  of  Acetaldehyde  on  Ammonia  and 

Acetoacetic  Ester. 

Hydroparvolin-dicarboxylic  ester,  C5NH2(CH3)a  C^Hj  (COaCaHj), , 
is  formed  from  acetoacetic  ester,  propaldehyde  and  alcoholic  ammonia, 
it  melts  at  no!  By  oxidation  it  loses  its  two  hydrogen  atoms  and 
then  by  saponification  parvolin-dicarboxylic  acid,  C5N  (CH3)aC2H5 
(C02H)a,  is  formed  which  melts  at  289U0  290!  Par\'olin,  C5NH2 
(CH3)2CaH5,  boils  at  186°  and  has  a  specific  gravity  of  .916 
at  14  Hydroisopropyl-lutidindicarboxy lie  ester,  C5  NH2  (CH3  )2  C3  H7 
(CO2  C2  Hj), ,  obtained  by  using  isobutylaldehyde  melts  at  97      From 
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it  were  obtained  lutidin-dicarboxylic  ester  and  acid.  Hydroisobutyl- 
lutidindicarboxylic  ester,  C5  N  (CHj),  C4  H,  H,  (CO,  Cj  Hj), ,  obtained 
by  using  valeraldehyde  melts  at  loof  The  mono-ethyl  salt  and  free 
acid  of  isobutyl-lutidin  dicarboxylic  were  obtained  and  also  isobutyl- 
lutidin,  C5  N  (CH^),  H,  C4  H,  ,  a  liquid  boiling  at  210°  to  213! 


FITTIQ,  R.,  1885. 

Ber.  18,  3410-3413 ;  J.  Chem.  Soc.  50,  225. 

Constitution  of  Carbopyrotritartaric  Acid. 

The  product  of  the  action  of  acetoacetic  ester  and  succinic  acid, 
Cg  Hg  O5 ,  which  is  isomeric  with  carbopyrotritartaric  acid  is  called 
methronic  acid  and  the  two  acids  are  given  the  following  formulae  : 
Carbopyrotritartaric  acid  : 

CHj  — C  — C— HCOaH 

II       I 
H— C      CHCO,  H 

\  / 
C 

I 
O 

Methronic  acid : 

CHj  — C  — C— HCOaH 

^  "       I 

CO,  H  —  C      CH, 

\  / 

C 

I 

o 

Wlien  heated  they  both  give  carbon  dioxid  and  pyrotritartaric  acid  : 

CH3  — C— CHCOjH, 

II       I 

H  —  C      CH, 

s  / 

C 

II 

o 
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BAEYER»  ADOLF,  1885. 

Ber.  18,  3454-3460  ;  J.  Chem.  Soc.  50t  223  ;  Jsb.  Chem.  1885,  1346  ; 
Bull.  Soc.  chim.  4^»  440. 

Synthesis  of  Acetoacetic  Ester  and  Phloros^lucin. 

The  author  discusses  the  constitution  of  sodacetoacetic  ester,  siding 
with  Frankland  and  Duppa  and  Wislicenus  against  Geuther,  showing 
the  inconsistancies  of  the  formula  CH3  CO  Na  :  CH  CO2  C2  H5  and 
inclining  to  Frankland  and  Duppa' s  view  that  sodacetic  ester  is 
formed  as  an  intermediate  product  in  the  action  of  sodium  on 
acetic  ester.  Phloroglucin  is  prepared  by  treating  the  product  of  the 
action  of  sodium  on  malonic  ester  with  caustic  potash,  and  the  formula 

CO  <  ch'cO^  ^^^  ^^  suggested  for  it. 


CONRAD,  M.  AND  M.  GUTHZEIT.  1886. 

Ber.  i9t  19-26  ;  J.  Chem.  Soc.  50t  333  ;  Jsb.  Chem.  1886,  1331. 
Action  of  Carbonyl  Chlorid  on  Cupracetoacetic  Ester. 

Dehydro-diacetyl-acetone-dicarboxylic  ester  is  thus  produced.  It  is 
a  crystalline  substance  melting  at  79*^-80°,  and  it  has  the  following 
structural  formula  : 

O 

CH3  C      C  CH3 

II    II 

CO2C2H5C        CCOaC^Hj 

\  / 

c 

I 

o 

Acted  upon  by  ammonia  this  compound  gives  lutidone-dicarboxylic 
ester  melting  at  221°;  by  simply  substituting  NH  for  the  oxygen  of 
the  ring.  Trimethyl-pyridone-dicarboxylic  ester  melting  at  193®  and 
phenyl-dimethyl-pyridone-dicarboxylic  ester  melting  at  1 70^-1 71° 
were  prepared  from  the  dehydro-compound. 
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JAMES,  J.  WM.,  1886. 

J.  Chem.  Soc.  49f  50-58  ;  Ann.  Chem.  231,  235-244. 

Action  of  Phosphorus  Pentachlorid  on   Diethyl-acetoacetic  Ester. 

By  this  action  diethyl-monochlor-acetoacetic  ester,  CH2  CI — COC 
(C2 115)2  CO2  Ca  H5,  and  the  corresponding  dichlor  derivative  were 
formed.  Diethyl-monochlor-acetoacetic  ester  treated  with  sodium 
methoxid  gave  methoxy-diethyl-acetoacetic  ester,  CHa  (CH3  O)  COC 
(Ca  Hs),  COa  Ca  H5 ,  and  methoxy-methyl-ethyl  acetone.  CHa  (CH3  O) 
COCH  (CH3)  (Ca  H5).  Di-methoxy-diethyl-acetoacetic  ester,  CH 
(CH3  0)aCOC(CaH5)aCOaCaH5,  and  di-methoxy-diethyl  acetone, 
CH  (CH3  0)a  COCH  (Ca  H5)a ,  Were  also  prepared. 


JAMES,  J.  WM.,  1886. 

Ann.  Chem.  231,  245-248 ;  J.  Chem.  Soc.  50,  333 ;   Ber.  I9»  loi  (C)  ; 
Bull.  Soc.  chim.  4<^»  758. 

Synthesis  of  Acetoacetic  Ester  from  Cyanacetone. 

The  author  has  repeated  the  experiment  of  Matthew  *  and  Hodgkin- 
son's  and  failed  to  produce  any  trace  of  acetoacetic  ester  from 
cyanacetone  with  hydrochloric  acid  or  an  alkali. 


SOC.  FOR  CHEM.  INDUSTRY   IN   BASEL,  1886. 

D.  P.t  39,564  of  May  4th.  1886.  Kl.  22  ;  Ber.  ao,  443  (C). 

Production  of  Quinizins  by  the  Action  of  Hydrazobenzenes  on 

Acetoacetic   Esters. 

Acetoacetic  ester  treated  with  hydrazobenzene  gives  phenyl-methyl- 
oxyquiuizin  which  melts  at  122! 


*See  page  38. 

f  Original  article  not  consulted. 
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SCHIFF,  ROBERT.  1886. 
Ber.  19.  561. 
So^e  Molecular  Volumes.— Acetoacetic  Ester. 

B.  P.=  180-1803.      Bo=  754.5  mm.      dJ  =  specific  gravity  at  V 

M 
compared  to  water  at  4!     —  =  molecular  volume. 

DJ  =  1.0465 
D?  =1.0375 
Df-*  =0.9880 
D?-^  =  0.9644 
DJ^'5  =  0.9029 

Vt  =  i.+  .ooi093oit  +  .00000138951*+  .000000014651^,  from  which 
M 
Df  =  0.8458,  ~=  153.34. 


PERKIN,  Jr.,  W.   H.,  1886. 

Ber.  I9»  1244-1247  ;  J.  Chem.  Soc.  50»  689  ;  Jsb.   Chem.  1886,  1332  ; 
Bull.  Soc.  chim.  4^f  834. 

Action  of  Trimethylen-bromid  on  Sodacetoacetic  Ester. 

An  oil  C9  H14  O3 ,  boiling  at  223*  is  obtained  which  cannot  be  an 
aceto-tetramethylen  carboxylic  ester  because  its  properties  when  com- 
pared to  the  acetotrimethylen  carboxylic  ester  and  to  the  tetramethylen 
dicarboxylic  ester  are  too  irregular  and  because  it  will  not  react  with 
phenylhydrazin.     The  author  gives  it  the  formula — 

CH3 

C— O—    CHa 

II  \ 

C  — CH,-CHa 

COa  Ca  He 
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BEHREND,  ROBERT,  R.  LIST  AND  A.  KOHLER,  1886. 

Ann.  Chem.  233,  1-15  ;  Ber.  19.  219-221  ;  Ber.  I9t  395  (C);  J.  Chem. 
Soc.  50»  443  ;  Jsb.  Chem.   1886,  549 ;  Bull.  Soc.  chim.  4^,  544. 

Condensation  of  Carbamids  with  Acetoacetic  Ester. 

Acetoacetic  ester  treated  with  phenylcarbamid  gives  a  compound 
C13  H16  Na  O3 ,  which  when  treated  with  an  alkali  yields  acetone, 
alcohol,  carbon  dioxid  and  analin  and  >vhen  treated  with  an  acid  it 
yields  in  addition  to  these  products  ethyl  phenylcarbamate,  C9  Hu  NGj. 

Thiocarbamid  and  acetoacetic  ester  unite  to  form  an  unstable 
compound  which,  when  saponified,  yields  C5  H6  Nj  SO  which  is 

Guanidin,  CN3  H5 ,  and  acetoacetic  ester  form  a  compound  C5  H7 
N3  O,  which  has  both  acid  and  basic  properties.    Its  formula  probably  is 
XH  -  O  ^  N^  -  C  (CH3)  V    „ 


ISBERT,  A.,  1886. 

Ann.  Chem.  234,  160-196  ;  J.  Chem.  Soc.  50,  1009 ;  Ber.  19,  684  (C)  ; 
Jsb.  Chem.  1886,  1328  ;   Bull.  Soc.  chim.  47.  585. 

Acetoacetic  Ester  and  Its  Derivatives. 

When  acetoacetic  ester  is  decomposed  by  sodium  alkyl  oxids  in  the 
presence  of  an  alcohol,  the  acetate  derived  from  the  free  alcohol  is  the 
chief  product,  while  the  acetate  derived  from  the  alkyl  oxid  is  formed 
in  smaller  proportions.  Resacetic  acid,  C18  Haa  O5  ,  is  formed  during 
the  same  operation.  Acetoacetic  ester  is  not  decomposed  by  ethyl  or 
propyl  alcohol  at  180^,  but  is  completely  decomposed  upon  adding  a 
little  sodium  alkyl  oxid  lo  such  a  mixture.  The  amid,  Ce  Hu  NO2, 
,  obtained  by  treating  acetoacetic  ester  with  ammonia,  melts  at  90**  and 
is  soluble  in  water.  From  its  reactions  the  formula  CH3  •  CO  Ca  H5  : 
CH  •  CO  NHa ,  is  assigned  to  it.  Phosphoric  chlorid  acting  on  ethyl 
acetoacetic  ester  gives  ethyl-monochlorcrotonic  acid  and  the  ethyl 
esters  of  mono-  and  di-chlor-ethylaceloacetic  acids,  and  acting  on 
methylacetoacetic  ester  it  forms  the  corresponding  compounds. 
Ethoxy-ethyl-acetoacetic  ester,  (Ca  H5  0)CHa  COCa  H5 :  CH  COaCa  H5 , 
and  ethoxy-methyl-acetoacetic  ester  are  fonned  by  the  action  of  an 
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alcoholic  solution  of  sodium  ethoxid  on  monochlor-ethyl  and  mono- 
chlor  methyl-acetoacetic  esters  and  are  decomposed  by  alcoholic  soda 
into  ethoxy-ethyl  acetone,  (Ca  H5  O)  CH^  CO  CH^  (C^  H5),  and  ethoxy- 
methyl  acetone,  (C,  H5  O)  CH,  CO  CH,  (C  H3),  which  boil  at  112^  to 
115°  and  100°  to  105°  respectively'. 


SOC.  FOR  CHEM.  INDUSTRY   IN   BASEL,  1886. 

D.  P.*  39,149  of  June  5th,  1886,  Kl.  12  ;   Ber.  ao,  351  (C). 
The  Production  of  the  Ester  of  a  New  Acid. 

If  acetoacetic  ester  be  treated  with  a  water  solution  of  ethylenedi- 
amin,  Ca  H4  (NHa)a ,  they  unite  to  form  the  compound, 
CH3  CH3 

C  :  N-    CHa-  CHa-  N  :C 

I  I 

CHa  CHa 

I  I 

CO  a  Ca  XI5  COa  Ca  H.5 

which  melts  at  126**,  is  insoluble  in  water  but  soluble  in  alcohols, 
ether,  chloroform,  benzene  and  dilute  acids. 


CANZONERI,  P.  AND  Q.  5PICA,  1886. 

Gazz.*  chim.  16,  449-453  ;  Ber.  ao,  219  (C)  ;  J.  Chem.  Soc.  S^t  499. 

Synthesis  of  Ethoxy-lutidin. 

By  treating  acetoacetic  ester  in   a  sealed  tube  with   an  excess  of 
ammoniacal  zinc  chlorid,  ethoxy-lutidin, 

N 
/  \ 

CH3C         COCaHs  , 

HC       CH 

C 
CH3 


'Original  article  not  consulted. 
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is  formed,  a  pale  yellow  liquid  boiling  at  245"  to  247!  By  repeating 
former  experiments  with  acetoacetic  ester  and  formamid,  a  liquid  boil- 
ing: at  250*  to  255*  was  obtained  which  was  mono-lutidin-carboxylic 
ester  and  which  apparently  is  isomeric  with  Michael's  body  of  the  same 
name  which  he  obtained  from  aldehyde,  aldehyde  ammonia  and 
acetoacetic  ester. 


MULLER,  ALBERT,  1886. 

Ber.  I9»   1771-1772  ;  J.  Chem.  Soc.  50*  899;  Jsb.  Chem.  1886,  1035. 

Action  of  Acetoacetic  Ester  on  Hydrazo-benzene. 

When  acetoacetic  ester  is  treated  with  hydrazo-benzene,  Ce  H5 
NH  —  NHC6  H5  ,  a  compound  C,6  H14  Na  O.  which  melts  at  120'  and 
is  weakly  basic  and  acid  is  formed.  It  is  probably  a  phenylated 
quinizin, 

H 

C        N-NC6H5 

/  \   /  \    I 

HC  C  CCH3, 

I  I  I 

HC  C  CH 

\    /   \      / 
C        C 
H'       OH 


ESCALES,  R.  AND   E.  BAUMANN,  1886. 

Ber.  19.  1787-1796;  J.  Chem.  Soc.  50»  878. 

Compounds  of  Phenyl  Mercaptan  with  Ketonic  Acids. 
Phenyl  Mercaptan  and  Acetoacetic   Ester. 

By  treating  a  mixture  of  two  molecules  phenyl  mercaptan  and  one 
molecule  acetoacetic  ester  with  hydrochloric  acid,  /?  dithiophenylbutyric 
ester,  CH3  C  (SC6  Hj),  CH^  CO2  C,  H5,  is  obtained;  it  melts  at  57''-58°, 
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is  insoluble  in  water,  soluble  in  ether,  benzene  and  chloroform  and 
gives  a  red  color  with  concentrated  sulfuric  acid.  When  heated  with 
an  alkali  it  is  decomposed  into  phenyl  mercaptan  and  j9-thio-phenyl- 
crotonic  acid,  CHjCSC^Hj)  :  CHCO2H,  which  melts  at  ije^'-iyy", 
is  insoluble  in  water,  soluble  in  benzene  and  hot  alcohol.  When 
heated  this  decomposes,  giving  thio-phenyl-propylene,  C3  H5  SCe  H5 , 
which  boils  at  206*^-210**  and  gives  a  blue  color  with  sulfuric  acid, 
which  turns  violet  upon  being  heated. 


LIST,  R.,  1886. 

Ann.   Chem.  a3<^,  1-32  ;  J.  Chem.  Soc.  S^*  127  ;  Ber.  ipt  825  (C)  ; 
Jsb.  Chem.  1886,  564  ;  Bull.  Soc.  chim.  47»  587. 

Action  of  Thiocarbamid  on  Acetoacetic  Ester. 

Thiomethyl-uracyl  is  formed,  thus  :  CHjCOCH,  COa  Ca  H5  +  NH, 

CSNHa  =  CH3  C  (OH)  CHa  COa  Ca  H5 

NH  — C  =  S  — NHa    and    then    water    and    alcohol 
breaking  off  it  leaves  CH3  C  :      CHC  :  O 

NH— C=S— N-H. 

The  silver,  copper,  mercury,  potassium,  and  sodium  salts  and  the 
methyl  and  ethyl  esters  were  produced  and  described.  The  sulfur  can 
be  removed  from  the  thiomethyl-uracyl  by  bromin  or  by  silver  or 
mercuric  oxid.  Thiomethyl-uracyl  acetic  acid,  C7  Hg  Na  SO3 ,  and  its 
ethyl  ester  were  made  by  using  monochlor-acetic  ester. 

In  the  formation  of  the  esters  an  intermolecular  change  is  supposed 

to  take  place  and  the  formulae  are  written  CH3  —  C  :  CH  •  C  :  O 

I  I 

N   :  C   •    N-H 
I 
S— R. 
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KNORR,  Lm  1886. 

Ann.  Chem.  236,  69-115  ;  J.  Chem.  Soc.  S^*  159 ;   Ber.  19.  827  (C)  ; 
Jsb.  Chem.  1886,  1336  ;   Bull.  Soc.  chim.  47»  633. 

Synthetical  Experiments  with  Acetoacetic  Ester. — Part  I. 

Acetoacetic  ester  and  anilin  react  at  ordinary  temperatures  to  form 
j9-phenylamido-a-crotonic  ester,  but  at  iio°-i50°  the  anilid  of  aceto- 
acetic acid  is  formed,  which  melts  at  85°  and  gives,  when  distilled. 

diphenyl-carbamid,  CO <^^^^^  which  melts   at   235''-236r      The 

anilid,  when  heated  with  chloroform  and  bromin,  yields  the  anilid  of 
monobrom-acetoacetic  acid,  CH3  CO  CH  Br  CO  NHCs  H5 ,  which  melts 
with  decomposition  at  138!  Isonitroso-acetoacetic  anilid,  CH3COC  : 
(NOH)CONHC6H5 ,  is  a  crystalline  substance  melting  at  99^-100^ 
Reducing  agents  change  acetoacetic  acid  anilid  into  hydroxylepidin, 
C9  NH5  CH3  OH,  [4'  :  2']  which  can  be  changed  into  j'-lepidin  and 
chlorolepidin.  Methoxy-lepidin  formed  from  chlorolepidin  boils  at 
275*'-276r    Ethoxy-lepidin  melts  at  51      Methyl-lepidone, 

r<  TT   ^  CCH3  :  CH.,^ 
^6^4  <  NCH3CO    ^'    ^ 

may  be  formed  from  methyl  anilin  and  acetoacetic  ester.  It  melts  at 
130*,  subUmes  and  is  a  strong  base. 


DEQEN,  J05m  1886. 

Ann.  Chem.  236,  151-164;  Ber.  19.  829  (C). 

indol  from  Methyl-phenylhydrazln. 

In  this  article  an  account  is  given  of  making  methyl-phenylhydrazin 
acetoacetic  ester,  CH3  C  :  (N^  CH3  Ce  H5)  CH2CO2C2H5  ,  from  methyl- 
phenylhydrazin  and  acetoacetic  ester.  The  product,  a  yellowish  red 
oil  could  not  be  distilled,  but  seemed  quite  stable  towards  water 
solutions  of  the  alkalis.  With  alcgholic  potash  it  was  decomposed 
into  methyl-phenylhydrazin  acetoacetic  acid. 
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BULOW,  CARL,  1886. 

Ann.    Chem.   236,    184-194 ;  J.    Chem.   Soc.   5^,    144 ;   Jsb.    Chem. 
1886,  1515  ;  Bull.  Soc.  chim.  47»  6cx5. 

Phthalyl-acetoacetic  Ester. 

This  is  obtained  from  phthalyl  chlorid  and  acetoacetic  ester  and  is 
represented  thus : 

CH3 

CO 

C=C  — CfiH^ 

I       I        i 

I     o— c=o 

COaCHs 

It  is  decomposed  by  sulfuric  acid  yielding  phthalyl  acetic  acid. 
Ammonia  converts  it  into  phthalyldianjid  or  phthalyl-imid  according  to 
the  temperature.  Several  complicated  derivatives  were  described, 
among  them  those  formed  by  phenylhydrazin. 


KNORR,  L.,  1886. 

Ann  Chem.  236,  290-332  ;  J.  Chem.  Soc.  S^t  275 ;   Ber,  ao,  55  (C) ; 
Jsb.  Chem.  1886,  1338 ;   Bull.  Soc.  chim.  47f  811. 

Synthetical  Experiments  with  Acetoacetic  Ester. — Part  11. 

The  first  part  of  this  article  (pp  290-317)  is  devoted  to  diaceto 
succinic  esters,  the  remainder  to  forming  pyrrol  derivatives  from  aceto- 
acetic ester.  This  treated  with  sodium  nitrite  forms  nitrosoacetoacetic 
ester  which  mixed  with  acetoacetic  ester  and  reduced,  gives  dimethyl- 
pyrrol-di-carboxylic ester,  C4  NH  (C  K^)^  (CO,  C,  Hs)^  [2:4:3:5].  This 
melts  at  134*^-135°  and  can  be  distinguished  from  its  symmetrical 
isomer  by  its  absence  of  basic  properties.  By  eliminating  one  of  the 
ethyl  groups  two  isomeric  mono-ethyl  esters  of  dimethyl-pyrrol-dicar- 
boxylic  acid  can  be  produced  and  from  these  (i)  by  eliminating 
ethyl,  dimethyl-pyrrol-dicarboxylic  acid  (2)  by  eliminating  carbon 
dioxid,  dimethyl-pyrrol-mono-carboxylic  ester.  Dimethyl-pyrrol- 
mono-carboxylic  acid  and  dimethyl-pyrrol,  C4  N(CH3)2  H3 ,  were  also 
produced.  By  using  the  anilid  of  acetoacetic  ester  corresponding 
compounds  were  made  and  their  properties  described. 
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PERKIN,  Jr.,  W.  H.  AND  M.  0BREMB5KY,  1886. 

Ber.  I9»  2045-2055  ;  J.  Chem.  See.  50»  936 ;  Jsb.  Chem.  1886.  1397. 
Upon  Ai-a, -Diacety  1-^dipic  Acid. 

From  the  high-boiling  residue  from  the  action  of  ethylene  bromid  on 

sodacetoacetic  ester  the  authors  have  isolated  di-acetyl-adipic  ester, 

CHa  —  CH(CH3  CO)COa  C,  H5 
which  is  I  .It  will  unite  with  phenyl- 

CH,  —  CH(CH3  C0)C02  C,  H5 

hydrazin,  one  molecule  of  (CeHjNaH)"  displacing  each  atom  of  oxygen 

of   the    carbonyl    groups.      Ethylene-di-methyl-oxyquinizin    is    also 

formed.     The  actions  of  diacetyl-adipic  ester  with  alcoholic  ammonia, 

sulfuric  acid  and  alcoholic  potash  are  given. 


POLONOWSKA,  NATALIE,  1886. 

Ber.  19.  2402-2406  ;  J.  Chem.  Soc.  50,  ion  ;  Jsb.  Chem.  1886,  1386. 

So-called  Carbacetoacetic  Ester. 

The  action  of  hydrochloric  acid  on  acetoacetic  ester  is  the  same  as 
that  of  sulfuric  producing  an  anhydrid,  C18  H22  O9  ,  which  breaks  down 
into  isodehydracetic  acid  and  its  ethyl  ester  (as  shown  by  Hantzsch) 
so  that  Duisberg's  so-called  carbacetoacetic  ester,  Cg  Hjo  O3  •  must  be 
isodehydracetic  ester,  C,o  Hj, O4 . 


PERKIN,  JR.,  W.  H.,  1886. 

Ber.  19.  2557-2561  ;  J.  Chem.  Soc.  5^.  32  ;  Jsb.  Chem.   1886,   1332. 
Action  of  Trimethylenbromid  on  Acetoacetic  Ester. 

The  ester, 

CH, 

I  ^ 

C  — O CHa 

II  I 

C  — CH,  — CHa 

COaCaHj 
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and  its  acid  are  further  studied.  The  acid  heated  with  water  gives 
aceto-butyl  alcohol  and  by  distillation  of  this,  acetobutyl  alcohol 
anhydrid  is  obtained.  The  ester  dissolves  in  hydrobroraic  acid  to  form 
brom-butyl  methylketone,  CH3CO(CHa)4  Br.  Analogous  compounds 
of  some  aromatic  derivatives  are  cited. 


PERKIN,  JR.,  W.  H.  AND  P.  C.  FREER,  1886. 

Ber.  I9»  2561-2569;  J.  Chem.  Soc.  52.  33. 
Upon  Aceto-trimethylenecarboxylic  Ester. 

This  substance  was  proven  by  its  physical  properties  to  have  a 
trimethylene  formula  and  thus  to  be  : 

CH3  CH3  CH3 

I  I  I 

CO  CO  C  — O— CHa 

I     CH,  I  «                I 

C<  1  and  not      CH— CH=CHa  C CH, 

I     ^"2  I                            and  not        I 

COaCaHs  COaCaHj  COaCaHj 

It  was  united  with  hydrobfomic  acid  to  form  omega-brom-ethyl-aceto- 
acetic  ester,  CH3  COCHCCH,  CH^  Br)C02  C,  H5  ,  which  is  an  oil 
which  cannot  be  distilled.  Saponifying  this  oil,  aceto-propyl  alcohol  is 
obtained,  (CH3  CO)CHa  CHa  CH,  OH,  and  sodium  amalgam  reduces 
this  to  gamma-pentylene  glycol,  CH3  CHOHCHa  CH,  CHa  OH. 


WITT,  OTTO  N.,  1886. 

Ber.   19.   2977-2978  and  3299 ;  J.   Chem.  Soc.  52,  247  ;  Jsb.  Chem. 
1886,  783  ;  Bull  Soc.  chim.  47.  434. 

Action  of  Acetoacetic  Ester  on  Aromatic  Diamins. 

Acetoacetic    ester  heated  with    ortho-toluylene-diamin    Ce  H3  CH3 

(NHa)a .  gives  ethenyl-toluylene-diamin,  C6H3CH3   <j^^C  —  CH3 , 

which  melts  at  201  "-202.° 

In  the  second  communication  the  author  acknowledges  the  priority 
of  Ladenburg  and  Riigheimer  in  the  preparation  of  this  compound. 
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Ann.  Chem.  238,  137-219 ;  J.  Chem.  Soc.  52,  601  ;   Ber.  ao,  259  (C). 

Synthetical  Experiments  with  Acetoacetic  Ester Part  III. 

The  compounds  obtained  from  the  action  of  phenylhydrazin  on 
acetoacetic  ester,  heretofore  described  by  the  author  as  quinizin  deriva- 
tives are  now   considered  pyrazolone  derivatives,   pyrazolone  being 

CHa-    CO 

I  >  NH.     Thus  antipyriu   is   phenyl-dimethyl  pyrazolone 

[1:2:3]  and  not  di-methyl  oxyquinizin  Phenylmethyl  pyrazolone  is 
described.  Phenyltrimethyl  pyrazolone  [1:3:4:4]  obtained  from  di- 
methyl-acetoacetic  ester  melts  at  55^-56°  boils  at  300°  to  303^  and  is 
isomeric  with  methyl  antipyrin.     Disphenyl-methyl  pyrazolone,  [1:3:5] 

CO  — CH  — CH  — CO 
C6HsN<  I  I  >NC6H5.  and    a     number    of    its 

^         N    =  C         C  =  N  ^ 

I  I 

CH3     CH3 

derivatives  are  produced  and  described,  among  which  is  pyrazol  blue, 

obtained  from  the  above  by  abstracting  the  two  hydrogen  atoms  from 

the  CH  groups.     Some  of  the  aromatic  and  nitrogen  compounds  of 

the  pyrazolones  are  described  and  also  some  halogen  compounds  of 

antipyrin. 


CONRAD,  M.  and  M.  GUTHZEIT,  1887. 

Ber.  ao,  151-154:  J.  Chem.   Soc.  5^1  502;  Jsb.  Chem,   1887,    1818  ; 
Bull.  Soc.  chim.  48,  154. 

Dimethyl-pyrondicarboxylic  Ester 

This  substance,  obtained  from  cupracetoacetic  ester  and  carbonyl 
chlorid,  formerly  called  dehydro-carbonyl-diacetoacetic  ester  is  now 
considered  to  be  a  derivative  of  pyron, 

O 
/  \ 

HC     CH, 

II       II 

HC      CH 

\  / 

C 

II 

o 
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in  which  the  methyl  groups  occupy  the  2  and  6  places  and  the  carboxyl 
groups  have  the  3  and  5  places.  It  melts  at  80  Alkalis  decompose 
it  into  carbon  dioxid  and  acetoacetic  ester  which  is  further  decomposed 
to  its  usual  decomposition  products. 


JAflES,  J.  WM.,  1887, 

J.  Chem.  Soc.  51.  287-290;   Ann.  Chem.  a40»  61-66. 

Formation  of  Cyan-acetoacetic  Ester. 

By  treating  monochloracetoacetic  ester  with  potassium  cyslnid, 
potassium  cyanacetoacetic  ester  was  formed  to  which  was  given 
the  formula  CH,  (CN)C0CHKC02  C^  H5  .  Treating  this  with  an 
acid,  produced  cyanacetoacetic  ester,  a  liquid  which  cannot  be  dis- 
tilled under  ordinary  pressure.  By  treating  dichloracetoacetic  ester, 
called  by  the  author  CHCI2  COCH,  CO2  Ca  H5 ,  with  potassium  cyanid 
no  corresponding  compound  was  formed  but  potassium  dichloracetate, 
CHCla  COa  K,  was  the  chief  product. 


niCHAEL,  A..  1887. 

Am.  Chem.  J.  9.  11 2-1 24;   J.  prakt.  Chem.  I43f  349-357;  J.  Chem. 

Soc.  5^,  672  ;  Ber.  ao,  258  (C)  and  504  (C) ;    Jsb.  Chem. 

1887,  1542 ;  Bull.  Soc.  chim.  48,  520. 

Addition  of  Sodacetoacetic  Ester  and   Sodomalonic   Ester  to  the 

Esters  of  Unsaturated  Acids^ 

When  sodacetoacetic  ester  is  treated  with  cinnamic  ester  they  unite 
directly  and  then  split  oflf  sodium  ethoxid  forming  a  compound 

CH3 

CO      C6H5 

I  I 

CH-CH 
I  I 

CO-CH 

COaCaHs 

which  is  very  unstable  decomposing  at  100  It  acts  as  a  mono-basic 
acid.  Acetoacetic  ester  and  citraconic  ester.  C5  H4  (Ca  115)2  O4,  combine 
directly  to  form  C15 112467  an  unstable  oil  boiling  at  i73'-i74'  at 
26  m.  m.  pressure.  The  author  makes  the  point  that  these  substances 
are  addition  products. 
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J.  prakt.  Chem.  I43f  449-459;  Am.  Chetn.  J.  9,  124-129;  J.  Chem. 

Soc.  53,  716  ;  Ber.  ao,  320  (C)  ;  Jsb.  Chem.  1887,  1536 ; 

Bull.  Soc.  chim  4^1  521. 

Some  New  Reactions  with  Sodacetoacetic  Ester. 

By  the  action  of  benzoic  aldehyde  on  sodacetoacetic  ester  a  com- 
pound CaaHaoNaaOy  is  formed  which  melts  at  126°-!  27**  and  is  solu- 
ble in  alkalis.  Mustard  oils  react  with  sodacetoacetic  ester  to  form 
mono-thio-amids.  Phenyl  isocyanate  forms  two  compounds  with 
sodacetoacetic  ester.  Anhydrids  of  dibasic  organic  acids  unite  directly 
wittf  sodacetoacetic  ester :   phthalic  anhydrid  forming 

COCH  <r  ^^^"3 

C6^4<COaNa       COaCaHj 

The  action  of  phenols  is  to  form  coumarins.  Ureas  react  to  form  the 
ureids  and  sulfo-ureas  form  the  corresponding  sulfo  derivatives. 
Aldehyde  ammonia  forms  condensation  products,  with  sodacetoacetic 
ester  it  forms  Cg  Hi  a  NaNOa .  Sodacetoacetic  ester  was  also  found  to 
react  with  lactones,  amidins,  primary  bases,  guanidin,  cyanamid, 
cyanic  acid  and  benzoquinone. 


PERKIN,   Jr.,    W.    H.,    iS&j. 

J.  Chem.  Soc.  5if  484-500 ;  Jsb.  Chem.  1887,  1815. 
Dehydracetic  Acid. 

After  reviewing  the  work  done  by  other  chemists  on  this  acid  the 
author  deduces  the  formula 

COaH— C  — CO-CH 

CH3C  — O  -CCH3 
for  it.  The  proof  that  it  contains  carbonyl  is  that  it  unites  with 
phenylhydrazin  to  form  CgHsOjCNaHCeHs).  It  will  form  no 
acetyl  derivative,  therefore  (two  oxygen  atoms  being  in  the  form  of 
carboxyl)  the  fourth  one  must  be  between  two  carbon  atoms.  When 
carefully  treated  with  potassium  hydroxid.  dehydracetic  acid  gives 
acetoacetic  acid  therefore  it  must  contain  two  methyl  groups.  When 
treated  with  anilin,  dehydracetic  methyl  ester  forms  lutidone  deriva- 
tives, phenyl-lutidone-carboxylic  methyl  ester  being  first  produced 
which  is  decomposed  into  phenyl  lutidone,  C5  NH(OH)  (CH3)a  C6  H5 . 
The  bromid  acetate,  oxim  and  phenylhydrazin  derivatives  of  dehy- 
dracetic acid  were  prepared  and  described. 
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FREER,  P.  C.  AND  W.  H.  PERKIN,  Jr.,  1M7. 

J.  Chem.  Soc.  5>»  820-849 ;   Am.  Chem.  J.  10,  446-457. 

Action  of  Ethylene  Bromid  on  Sodium  Derivatives  of  Acetoacetic 
Ester 

Experiments  with  acetoacetic  ester  and    ethylene    bromid  being 

repeated,  it  was  found  that  two  substances  were  produced,  one  as  before 

described  in  Ber.  iQt  2561  and  the  other  having  the  formula 

CH3 

I 

CO  -  CHa 

II      I 

C      -CHa 

I 

COa  Ca  H5 

and  being  termed  methyl-dehydropentone-carboxylic  ester.  The  former 
is  produced  in  much  the  larger  quantities.  Acetyltrimethylenecar- 
boxylic  ester, 

CH3 

CO 

I        CHa 
COaCaHs 

(which  is  the  one  formerly  described)  when  boiled  with  water  gives 
acetopropyl  alcohol,  (CH3  CO)  CHa  CHa  CHa  OH,  but  upon  being 
heated  it  becomes  acetopropyl  anhydrid,  CH3  C  :  CHCHa,   and  acetyl- 

O CHa 

trimethylene, 

CHa 

CH3C0-CH<i 

'  CHa 


HALLER,  A.  AND  A.  HELD,  1887. 

Compt.  rend.  104,  1627- 1629 ;  J.  Chem.  Soc.  S^*  799. 
Cyanacetoacetic  Ester. 

This  substance  obtained  by  James  (J.  Chem.  Soc.  5<»  287)  is  the 
same  as  that  obtained  by  the  authors  in  1882  (Compt.  rend.  95»  235)  by 
the  action  of  cyanogen  chlorid  on  sodacetoacetic  ester.  The  authors 
give  it  the  composition  CH3  COCH  (CN)  COa  Ca  H5 ,  not  as  James  gave 

it  CHa  (CN)  COCHa  COa  Ca  H5  . 
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Ann.  Chem.  241,  288-315  ;  J.  Chem.  Soc.  54*  37  ;  Jsb.  Chem.  1887,  763; 
Bull.  Soc.  chim.  50»  297. 

Nitrosates,  NItrosites  and  their  Derivatives. 

Amylene  and  nitrogen  peroxid  unite  directly  and  form,  not  a  dinitrite 
but  a  nitroso  nitrate.  This  compound  C,  Hio  Nj  O4,  unites  with  aceto- 
acetic  ester  to  form  the  crystalline  compound  CH3  COCH  (NOC5  Hio) 

COaCaHj. 


CLAiSEN,  L.  AND  O.  LOWMAN,  1M7* 

Ber.  ao,  651-654  ;  J.  Chem.  Soc.  52.  583  ;  Jsb.  Chem.   1887,  2050; 

Bull.  Soc.  chim.  4^,  394. 

Preparation  of  Benzolacetic  Ester. 

Acetoacetic  ester  is  formed  in  this  operation  which  consists  of  mixing 
sodium  ethoxid  and  benzoic  ester  and  treating  the  product  with  acetic 
acid.  The  theory  is  advanced  that  here  as  well  as  in  the  ordinary 
production  of  acetoacetic  ester  an  intermediate,  addition  product  is 

formed.    In  the  case  of  acetoacetic  ester  it  would  be  CH3  C  C^k jj    ^  ^^* 

which  is  acted  upon  by  acetic  ester  thus    i—CU^cti^Q^^^^^^'^ 
Ha  CHCOa  Ca  H5=CH3  C  (ONa)  :  CHCOa  Ca  H5+  2Ca  H5  OH. 


CONRAD,  M.  AND   L.  LIMPACH,  1M7. 

Ber.  ao,  944-948  ;  J.  Chem.  Soc.  S^t  679  ;  Jsb.  Chem.  1887,  1046 ; 
Bull.  Soc.  chim.  4^,  320. 

Synthesis  of  Quinolin  Derivatives  from  Acetoacetic  Ester. 

By  heating  anilacetoacetic  ester,  CH3  C  (NHCe  H5)  :  CHCOa  Ca  H5, 
it  is  decomposed  and  besides  alcohol,  acetone  and  carbanilid, 
CO:  (NHC6  H5)a,  it  forms  r-hydroxy-quinaldin,  Ce  H4  C3  HOHCH3  N, 
[OH:CH3=2':4'],  which  melts  at  23o**-23i*  and  distills  at  360*  with 
some  decomposition.  It  is  very  bitter  and  gives  an  intensely  reddish 
yellow  color  with  ferric  chlorid.  A  number  of  its  salts  and  derivatives 
were  described,  phenylamidoquinaldin,  methoxyquinaldin  and  some 
derivatives  containing  chlorin,  bromin  and  nitrogen. 
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HANTZSCH,  A.  AND   H.  ZURCHER,  1887. 

Ber.  ao,  1328-1332  ;  Jsb.  Chem.  1887,  1461 ;  Bull.  Soc.  chim.  48,  747. 

Polycoumarins. 

By  treating  polyhydric  phenols  with  an  excess  of  acetoacetic  ester 
and  sulfuric  acid,  polycoumarins  are  formed.     Di-methyl  di-coumarin, 

tCCH  "  CH       ^ 
Q ^  ^Q  >     2,  formed  from  acetoacetic  ester  and  resorcin, 

Ce  H4  (OH)2,  is  a  white  powder  almost  insoluble  in  ordinary  solvents, 
soluble  in  alkalis  from  which  solution  acids  precipitate  di-methyl  dicou- 

maric  acid,  Ce  H2<  [  q^^^  CHCO2  H  j  ^        Acetoacetic  ester  treated 

f  CCH  CH      ^ 
with  phloroglucin  gives  trimethyl  tricoumarin,  C6<     q^qq     ^ 

which  is  also  a  powder  diflScultly  soluble  except  in  alkalis  from  which 
solution  the  corresponding  acid  is  obtained.  These  acids  easily  give 
up  water  and  are  changed  back  into  the  lactones. 


DELISLE,  A.,  1887. 

Ber.  ao,  2008;  J.  Chem.  Soc.  5a,  915  ;  Jsb.  Chem.   1887,  1719; 
Bull.  Soc.  chim.  481  659. 

Action  of  Sulfur  Dichlorid  on  Acetoacetic  Ester. 
Preliminary  Notice. 

By  treating  acetoacetic  ester  with  sulfur  dichlorid,  hydrochloric  acid 
was  given  off  and  the  mixture  solidified.  The  new  substance, 
C,oHi4  06S,  forms  b^utiful  colorless  crystals  which  are  insoluble  in 
water  but  soluble  in  barium  hydroxid,  forming  a  barium  salt.  The 
substance  softens  at  75**  and  melts  at  90°  to  91? 


BENDER,  G.,  1887. 

Ber.  20,  2747-2752  ;  J.  Chem.  Soc.  54.  53- 
Action  of  Plienylliydrazin  on  Cliloracetoacetic  Ester. 

By  this  action  a  compound  C12  H14  N2  O2  was  formed,  it  is  probable 
that  CH3  C  (N2  HCe  H5)  CHCICO2  R  is  first  formed  which  changes 
first  into  CH3CH  (N^CeHj)  CHCICO^R  and  then  into  CH3C 
(N2C6H5)  :  CHCO2R  which  is  /9-phenylazocrotonic  ester,  melting  at 
50. 5^     This  can  be  reduced  to  phenylmethyl-pyrazolone.  . 

a-Naphthylamin  and  chloracetoacetic  ester  unite  to  form  a  compound 
C,6H,6N02C1,  which  melts  at  75^ 


92  BIBLIOGRAPHY    OF 

JAPP,  FRANCIS  AND  PELIX  KLINQEMANN.  1887 

Ber.  ao,  2942-2944. 

Benzene-azo-  and  Benzenehydrazo-fatty  Acids. 

When  sodium-methyl-acetoacetic  ester  is  treated  with  diazobenzene- 
chlorid,  C6  H5  Na  CI,  the  diazo  Rroup  takes  the  place  of  the  acetyl  group 
and  benzene-a-azo-propionic  ester,  Ce  H5  Na  CH  (CH3)  CO2  Ca  H5,  is 
produced.  It  is  a  yellow  crystalline  substance  which  melts  at  117.° 
The  free  acid  and  a  number  of  its  aromatic  derivatives  were  produced 
from  it. 


SCHIFF,   HUGO,  1887. 

Ann.  Chem.  a44f  19-28  ;  J.  Chem.  Soc.  54»  572. 

Compounds  of  Sugars  with  Aldeliydes  and  Acetone. 

Among  other  compounds  described  in  this  article  is  the  one  obtained 
from  sugar  and  acetoacetic  ester,  corresponding  to  the  formula 
C6  Hio  O3  C6  H12  06,  which  is  quite  stable. 


CONRAD,  M.  AND  W.  EPSTEIN,  1887. 

Ber.  ao,  3052-3058  ;  J.  Chem,  Soc.  54>  253  ;  Jsb.   Chem.  1887,  1719  ; 

Bull.  Soc,  chim.  49f  639. 

Action  of  Ammonia  on  Acetoacetic  Esters. 

Amido- acetoacetic  methyl  ester,  CHjC-  (NHa)  iCHCOaCHj,  pre- 
pared from  acetoacetic  methyl  ester  and  ammonia  gas  is  a  colorless 
crystalline  substance,  which  melts  at  85*  and  sublimes  unchanged. 
Amido-ethylacetoacetic  methyl  ester,  CHjC-  (NHa)  C  (Ca  H5)  COa  CH3, 
formed  from  ethylacetoacetic  methyl  ester,  melts  at  36*'-37!'  Referring 
to  Brandes'  obtaining  two  compounds  from  this  reaction  the  author 
thinks  it  probable  that  he  had  some  acetoacetic  ester  with  his  ethyl- 
acetoacetic ester  and  so  obtained  the  two  corresponding  compounds, 
Amido-acetoacetic  esters  acted  upon  by  sodium  form  sodium  compounds 
which  with  an  alkyl  iodid  form  amidoalkylacetoacetic  esters.  Amido- 
ethyl-acetoacetic  ethyl  ester  formed  similarly  melts  at  6or  Di-ethyl- 
acetoacetic  ester  will  give  no  amid  which  proves  that  these  compounds 
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are  amido-crotonic-esters  and  not  imido-butyric  esters.  An  interesting 
fact  is  noted  in  regard  to  the  melting  points  of  these  compounds.  In- 
troducing a  methyl  into  the  methyl  ester  lowers  the  melting  point  26'* 
and  introducing  an  ethyl  lowers  it  8°,  while  in  the  ethyl  ester  the  intro- 
duction of  a  methyl  raises  the  melting  point  15°  and  the  introduction  of 
an  ethyl  raises  it  23^ 


JAPP,  FRANCIS  AND  FELIX  KLINQEMANN,  1887. 
Ber.  ao,  3284-3286  and  3398-3401. 

Benzene-azo-  and  Benzenehydrazopropionic  Acids. 

Discussion  is  taken  up  in  regard  to  the  constitution  of  the  benzene- 
a-azopropionic  acid,  before  described,  and  the  formula  is  changed  to 
CH3  C  (:  NH  =  N  —  C6  H5)  CO2  H,  as  it  is  found  to  be  identical  with 
phenylhydrazin  pyroracemic  acid. 


PETERS,  Tm  1887. 

Ber.  ao,  3318-3324 ;    J.  Chem.  Soc.  54f  253  ;    Jsb.  Chem.  1887,  3318  ; 
Bull.  Soc.  chim.  49f  696. 

Action  of  Aqueous  Ammonia  on  Alkylated  Acetoacetic  Esters  and 

of  Alcohols  on  the  Carboxylic  Alkyl  Qroup  in 

Acetoacetic  Esters. 

Repeating  Brandes*  experiment  with  aqueous  ammonia,  the  author 
obtained  with  ethyl-acetoacetic  ester  besides  amido-ethyl-acetoacetic 
ester,  an  ethyl-acetoacetamid,  CH3  COCH  (C2  H5)  CONH,  melting  at 
96*  which  is  undoubtedly  Brandes*  second  body.  Methyl-,  isobutyl- 
and  isoamyl-acetoacetamids  were  obtained  from  the  corresponding 
esters ;  they  melt  respectively  at  73°,  85°  and  127!  The  author  finds  that 
the  isobutyl  and  isoamyl  esters  may  be  readily  prepared  by  the  action 
of  the  respective  alcohol  on  the  ethyl  ester,  especially  in  the  presence 
of  a  small  quantity  of  sodium. 
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OTTO,  ROBERT,  1888. 

Ber.  ai,  89-99 ;  J-  Chem.  Soc.  54>  360. 

Analogy  between  the  Ketonic  Acids  and  the  Alkyl  Sulfones  of 

the  Fatty  Acids. 

Some  alkyl  sulfones  of  the  fatty  acids  of  the  formulae  RSO2  CO2  H  ; 
RSO2  CHa  CO2  H  and  RSO2  CH^  CH2  CO2  H  were  described  and  the 
points  of  resemblance  between  them  and  the  corresponding  ketonic 
acids  pointed  out. 


BERQREEN,  HENRY,  1888. 

Ber.  ai.  337-352  ;  J.  Chem.  Soc.  54»  444 ;   Bull.  Soc.  chim.  50,  556. 

Thiocarbonyl  Chlorid. 

The  action  of  thiocarbonyl  chlorid  on  sodium  and  copper  acetoacetic 
esters  is  given  in  this  article  (Ber.  pps.  347-348)  by  which  is  produced 
thiocarbonylacetoacetic  ester,  a  solid  which  softens  at  152**  and  melts  at 
156"  to  i62r  The  formula  [CH3  COC  (CS)  CO^  C2  Hjjx  is  ascribed  to  it, 
as  the  author  thinks  it  is  not  a  simple  molecule.  It  will  not  react  with 
phenylhydrazin  or  hydroxyl-amin.  Thiocarbonyl  chlorid  acting  on 
sodium  methyl-acetoacetic  ester  produces  an  oil  free  from  chlorin,  which 
contains  sulfur.  It  cannot  be  distilled  and  no  crystalline  product  can 
be  obtained  from  it. 


BONGARTZ,  J.,  1888. 

Ber.  21,  478-487  ;  J.  Chem,  Soc.  54»  478. 

Compounds  of  Aldehydes,  Ketones  and  Ketonic  Acids  with 

Thioglycollic  Acid. 

The  action  of  hydrochloric  acid  gas  on  a  mixture  of  thioglycoUic 
acid  and  acetoacetic  ester  is  given  in  this  article  (Ber.  p.  485)  by  which 
a  white  crystalline  powder  is  formed  which  melts  at  95°  to  96!  It  is 
acetoacetic  ester  dithioglycollic  acid  and  has  the  formula 

PXT  p<^(SCH,CO,H), 
^^^^^CHaCO^CHs 
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HALLER,  A.  AND  A.  HELD,  1888. 

Compt.  rend.  105,  115-117  ;  J.  Chem.  Soc.  S^*  1029. 

Cyan-acetoacetic  Ester. 

A  new  method  of  producing  this  cx)mpound  is  given.  Cyanacetic 
ester  dissolved  in  alcohol  is  mix^  with  sodium  dissolved  in  alcohol  and 
acetyl  chlorid  in  ether.  The  equation  given  is  2  CH(CN)NaC02C2H5 
+CH3  COCl=NaCl+CH2(CN)COaCaH5+  CH3COC(CN)NaCOaC2H5. 
This  shows  conclusively  that  the  composition  of  the  compound  is  that 
here  assigned  to  it. 


HALLER»  A*  AND  A.  HELD,  1888. 

Compt.  rend*  m<^  210-213  ;   Bull.  Soc.  chim.  49t  243  ;  J.  Chem.  Soc. 

54.  579  ;   Ber-  ai,  187  (C). 

Cyan-acetoacetic  Methyl  Ester. 

This  body,  CH3  COCH  (CN)  CO2  CH3,  was  prepared  from  cyanogen 
chlorid  and  a  mixture  of  acetoacetic  meUiyl  ester  and  sodium  methoxid. 
It  melts  at  46.5'  It  was  also  prepared  by  treating  sodcyanacetic  methyl 
ester  with  acetyl  chlorid.  The  sodium  and  calcium  compounds  were 
prepared. 


QENVRESSE,  P.,  1888. 

Compt.  rend.  107,  687-689 ;  J.  Chem.  Soc.  5<^»  122  ;  Ber.  ai,  831  (C). 

Chlorin  Derivatives  of  Acetoacetic  Ester. 

Dichlor-acetoacetic  ester  can  be  decomposed  by  hydrochloric  acid 
into  unsymmetrical  dichloracetone,  wherefore,  (?)  the  formula  CHCI2 
COCH2  CO2  Ca  H5  is  assigned  to  it.  For  similar  reasons  the  trichlor- 
derivative  is  supposed  to  be  CCI3  COCHa  COa  Ca  H5,  tetrachlor  deriva- 
tive CCI3  COCHClCOa  Ca  H5,  and  the  penta-chlor  derivative  CCI3 
COCCla  COa  Ca  Hj.  Two  compouuds  containing,  one,  seven  and  the 
other  nine  atoms  of  chlorin  were  also  produced,  described  and  given 
the  formulae  Ca3  COCCla  COa  C,  H3  CU  and  CCI3  COCCla  COa  CHCI4. 
Acetoacetic  methyl  ester  yields  similar  derivatives. 
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QEUTHER,  Am  1888. 

Ann.  Chem.  244,  190-221  ;  J.  Chem.  Soc.  54*  5791  Ber.  ai,  295  (C). 

Constitution  of   Acetoacetic,  Succinosuccinic  and 
Quinone-hydro-dicarboxylic  Acids. 

The  author  contends  for  the  constitution  of  acetoacetic  ester  as 
CH3  COH  :  CHCOa  Ca  H5,  giving  as  a  proof  of  the  hydroxyl  group  the 
similarity  of  reactions  between  acetoacetic  ester  and  phenol  and  salicylic- 
ester,  ( I )  towards  potassium  hydroxid  and  then  carbon  dioxid  when, 
he  states,  the  original  substances  are  regained,  (2)  towards  potassium 
cyanid,  when  potassium  compounds  are  produced,  although  the  potas- 
sium compounds  of  salicylic  and  succinosuccinic  esters  are  decomposed 
into  alcohol  and  the  potassium  salts  and  the  acetoacetic  ester  compound 
is  decomposed  into  alcohol  and  the  potassium  salt,  which  latter  is  then 
further  decomposed  into  potassium  carbonate  and  acetone,  (3)  towards 
ferric  chlorid,  as  to  the  colors  produced.  He  cites  the  easy  decompo- 
sition of  acetyl-acetoacetic  ester  as  a  proof  that  it  has  the  formula 
CH3  CO  (COCH3)  :  CHCO2  Ca  H5.  In  the  formation  of  sod-acetoacetic 
ester  he  supposes  the  intermediate  bivalent  group  CH3  CONa  :  is  formed 
which  unites  with  acetic  ester  liberating  two  atoms  of  hydrogen. 


MEISTER,  JOHANNES,  1888. 

Ann.  Chem.  244^  233-253 ;  J.  Chem.  Soc.  54»  675  ;  Ber.  ai,  427  (C). 

Condensation  Product  of  Urethane  and  Acetoacetic  Ester^ 

Acetoacetic  ester  and  urethane  condense  thus :  CH3  COCH2  CO2  R+ 

NHaCOaCaH5=CH3C^^^^Q^^'2^-fH2  0.     The  product  is  the 

same  as  that  produced  from  chlor-carbonic  ester  and  paramido-aceto- 
acetic  ester  and  so  is  given  the  above  formula.  Alcoholic  potash  saponi- 
fies it  giving  an  oil  C12  H23  NOe ,  considered  as  • 

CH3  C  (OH)  CH2  CO2  C2  H5. 

>NH 
CH3  C  (OH)  CH2  CO2  C2  H5. 

A  tribrom-derivative  of  the  condensation  product  was  formed  but  a 
trichlor-derivative  could  not  be  formed. 
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Alcoholic  ammonia  acts  on  it  to  form  a  body  C7  H15  N3  O3 ,  which 

/NHCONHa 
may   be  represented  thus: — CHjC^  /NH,  and  which    is 

'^CHC-OH 

nOCHj 
)9-uramidocrotonic    amid    together    with    one   molecule   of   alcohol. 
Boiling  this  with  water  decomposes  it  into  urea,  acetone,  alcohol,  car- 
bon dioxid  and  ammonia. 


MEWES,  W.,  1888. 

Ann.  Chem.  345f  58-84;  J.  Chem.  Soc.  54f  817  ;   Ber.  ai,  473  (C). 

Halogen  Substitution  Products  of  Acetoacetic  Ester 

and  their  Beliavior  with  Sodethoxid. 

Passing  chlorin  through  acetoacetic  ester  produces  the  mono-,  di-, 
tri-  and  tetra-chlor-acetoacetic  esters  which  boil  at  194",  205'-207',  223'- 
225°,  and  245'-25o'  respectively.  Some  diflBculty  was  found  in  entirely 
separating  them  from  one  another.  The  bromo-chlor-acetoacetic  esters 
were  formed  by  treating  the  chlor-acetoacetic  esters  with  bromin  and 
also  by  treating  the  bromo-acetoacetic  esters  with  chlorin.  Sodethoxid 
decomposes  all  of  the  halogen  derivatives  forming  the  mono-  or  di- 
halogen  acetic  esters.  Bromoacetoacetic  ester  with  sodethoxid  yields 
succinosuccinic  ester.  When  the  chlorobrom-substitution  products  are 
treated  with  sodethoxid,  sodium  bromid  is  always  formed. 


KNORR,  L.,  1888. 

Ann.  Chem.  245,  357-382  ;  J.  Chem  Soc.  54»  mi  ;  Ber.  ai,  628  (C). 

Synthetical  Researches  on   Acetoacetic  Ester.     Part  IV. 

Methyl-acetoaceticanilid,  CH3COCH  (CH3)  CONHCeHj  ,  which  was 
•prepared  from  methyl-acetoacetic  ester  and  anilin,  melts  at  i38'  to  140! 
Sulfuric  acid  changes  it  into  dimethyl-carbostyril  [3':4']t  a  weak  acid 
from  which  the  dimethyl  product  C9H4  OH  (CH3)2N  was  obtained. 
Chlor-dimethyl-quinolin [CI :  (CH3)a=2':3':4'],  ortho-[4':  i],  meta-and 
para-  [4' :  3]  dimethyl-quinolin  were  described  together  with  some  phenyl, 
nitrogenous  derivatives. 
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JAPP,  FRANCIS  AND  FELIX  KLINQMANN,  1888. 

Ber.  21,  549-551. 

Formation  of  Mono-  and  Di-hydrazin  Derivatives  of  a-Di-lcetones. 

Methyl-acetoacetic  acid  and  diazobenzene  chlorid,  Ce  H5  Nj  CI,  react 
and  form  the  monophenylhydrazin  derivative  of  diacetyl, 

CH3  COCCH3 

N-NHCfi  H5 
which  melts  at  133!     If  treated  with  phenylhydrazin  the  di-phenyl- 
hydrazin  derivative  is  formed.     Ethyl-acetoacetic  acid  reacts  similarly 
and  gives  rise  to  the  corresponding  compounds. 


CLAISEN,  L.  AND   N.  STYLOS,  1888. 

Ber.  ai,  1144-1149;  J.  Chem.  Soc.  54f  671. 

Acetoacetic-aldehyde. 

The  sodium  compound  of  acetoacetic-aldehyde,  CH3  COCHNaCHO, 
was  prepared  from  acetone,  formic  ester  and  sodium  ethoxid.  The  free 
aldehyde  could  not  be  isolated  on  account  of  its  tendancy  to  break  down 
into  symmetrical  triacetyl  benzene,  which  was  made  and  described. 
The  anilid,  toluidid  and  napthalid  of  the  aldehyde  were  prepared. 
Treated  with  phenylhydrazin,  methyl-phenyl-pyrazole,* 

CH  =  C(CH3K.]^C6  H5,  was  obtained. 
CH=N- 


PECHMANN,  H.  v..  1888. 

Ber.  2ii  1411-1422;  J.  Chem,  Soc,  54>  811. 
a-Diketones. 

The  diketones  described  in  this  article  are  prepared  from  monoalkyl 
acetoacetic  esters,  by  saponifying  with  dilute  alkali,  treating  the  pro- 
duct with  sodium  nitrite  and  sulfuric  acid  and  after  removing  the  alco- 
hol by  distillation,  adding  twenty  times  the  volume  of  dilute  sulfuric 
acid  and  distilling  with  steam.  Methyl-acetoacetic  ester  treated  in  this 
manner  gives  diacetyl,  CH3  COCOCH3,  and  ethyl-acetoacetic  ester  gives 
acetyl-propionyl,  CH3  COCOCH^  CH3. 
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BEYER.  C.  AND  L.  CLAISEN,  1888. 

Ber.  ai,  1697- 1705. 

Mixed  Azo  Compounds. 

In  this  article  some  azo  compounds  are  described  which  are  formed 
from  acetoacetic  esters. 


QRIESS,  P.  AND  Q.  HARROW,  1888. 

Ber.  21,  2740-2743  ;  J.  Chem.  Soc.  54f  1313- 
Action  of  Acetoacetic  Ester  on  Hexamettiylenetetramin. 

When  acetoacetic  ester  acts  on  hexamethylenetetramin,  (CH2)6N4» 
in  presence  of  zinc  chlorid,  hitidin-di-carboxylic  ester  and  hydro- 
lutidin-di-carboxylic  ester  are  formed.  The  latter,  C5NHH2(CH3)a 
(CO2  Ca  Hg)!,  melts  at  170",  is  neutral  and  is  considerably  decomposed 
upon  being  distilled.  Treated  with  hydrochloric  acid  it  gives  two  pro- 
ducts, the  mono-  and  di-ethyl  esters  of  lutidin-dicarboxylic  acid. 


MICHAEL,  Am  1888. 

J.  prakt.  Chem.  «45»  473-530 ;  Am   Chem.  J.   10,  158-160;  J.  Chem. 
Soc.  54*  1054 ;    Ber.  ai,  530  (C)  ;    Bull.  Soc.  chim.  50,  690. 

Constitution  of  Sodacetoacetic  Ester. 

By  the  action  of  chlor-carbonic  ester  on  sodacetoacetic  ester,  carb- 
ethoxacetoacetic  ester  was  produced  which  boils  unchanged  at  127"  at 
I7m.m.  pressure.  No  sodium  derivative  of  this  could  be  prepared,  con- 
sequently it  was  considered  to  be  an  isomer  of  aceto-malonic  ester, 
which  does  easily  form  a  sodium  derivative,  and  its  formation  was 
supposed  to  be  thus  :— CHjCONarCHCOaCaHs-fClCOaCaHs^CHjCO 
(CO2  Ca  H5  ) :  CHCOa  Cj  H5 + NaCl.  In  the  authors  opinion  acetoacetic 
ester  itself  is  a  ketone.  He  gives  as  a  formula  for  benzalacetoacetic 
ester  CH3  C  :  C  '  CO2C2H5 ,  which  explains  its  loss  of  ketone  properties 

O— CHC6H5 
and  to  explain  the  reactions  between  bodies  analogous  to  acetoacetic 
ester  such  as  levolinic  acid,  CH3  COCH2  CH^  CO,  H,  and  acetyl  chlorid, 

he  supposes  an  addition  product  thus  : — 

^O— COCH3 

CH3  CO  -  -  -  etc.  -fCH3  COCl=CH3— C etc. 

^Cl 
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and  a  subsequent  separation  of  hydrochloric  acid  forming  a  lactone. 

In  the  formation  of  sodacetoacetic  ester  an  aldol  polymerization  is 

supposed  to  take  place  first,  the  product  of  which  is  acted  upon  by 

/OCHs 
sodium  thus  :  —  2  CH3  CO,  C,  Hs^CHj  C CH,  CO,  C,  H5,    then 

sodium  forms  CH3  C CH,  CO2  C,  H5 ,  which  is  again  acted  upon  by 

\ONa 
sodium  to  form  CH3  CONaCHCO,  Ca  H5  ,  NaOC,  H5  and  H.  If  sodium 
be  made  to  act  on  acetoacetic  ester,  CH3  COCHNaCOj  Ca  H5  is  formed 
but  the  sodium  is  immediately  attracted  to  the  carbonyl  group  and  it 
changes  to  form  CH3  CONarCHCOa  Ca  H5.  When  this  last  compound 
is  treated  with  an  alkyl  iodid,  Ca  H5  i  for  example,  there  is  an  addition 
product  formed  and  as  the  group — CONa=is  more  positive  than  the 
group=CH — ,  the  iodin  add  to  the  former  and  the  ethyl  adds  to  the 

/ONa 
=CH— group  forming  CH3  C CH  (Ca  H5)  COa  Ca  H5  from  w^ich 

\i 
sodium  iodid  separates  leaving  CH3  COCH  (CaHj)  CO,  Ca  H5. 


POLONOWSKY,  M..  1888. 

Ann.  Chem.  246,  1-32  ;  J.  Chem.  Soc.  54f  1067  ;   Ber,  ai,  636  (C). 

Condensation  of  Qlyoxal  with  Acetoacetic  Esters. 

By  treating  a  mixture  of  glyoxal,  CHOCHO,  and  acetoacetic  ester 
with  zinc  chlorid  two  products  are  formed,  (i)  a  part  soluble  in  alkalis 
which  contains  methyl-furfuran  carboxyacetic  or  sylvanecarboxyacetic 

acid,  0<c(CH')?c\cOaII)^'  "^^^^^  ""^^^^  ^^  ^^7*  ^^^  "°™^^ 
and  acid,  methyl  and  ethyl  esters  were  produced  and  described  ;  (2)  a 
part  insoluble  in  alkalis  which  consists  of  a  heavy  oil  and  a  crystalline 
substance,  both  having  the  composition  C14  Hig  Oe-  The  oil  is  di-ethyl- 
sylvane-carboxy-acetoacetic  ester  which  is  :  — 
CH3 

CO  CH (CH3)  C 

I  I  ''    >o 

CH C:  (COa  Ca  H5)  C 

COa  Ca  H5 
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JAECKLE*  A.,  1888. 

Ann.  Chem.  246,  32-52  ;  J.  Chem.  Soc.  54f  1103  ;  Ber.  ai,  638  (C). 

Higher  Homologues  of  the  Synthetical   i^ridins  and   Piperidins. 

The  normal  propyl-lutidin  hydrodicarboxylic  ester,  C5  NHa  (CHj)^ 
C3H7(C02CaH5)a,  obtained  from  normal  butaldehyde  and  ammonia 
acting  on  acetoacetic  ester  and  alcohol,  is  a  crystalline  substance  melt- 
ing at  118?  From  this  the  normal  propyl-lutidin-dicarboxylic  ester, 
the  free  acid  and  the  normal  propyl-lutidin  were  prepared.  Hexyl- 
lutidin  hydrodicarboxylic  ester  was  prepared  from  ammonia,  acetoacetic 
ester  and  oenanthol,  C6H13CHO,  and  from  it  normal  hexyl-lutidin, 
C5NH2(CH3)2C6Hi3.  A  number  of  piperidins  were  obtained  from 
the  corresponding  pyridins  and  described. 


WISLICENUS,  WILHELM,  1888. 

Ann.  Chem.  246,  306-309. 
Synthesis  of  Ketone  Acid  Esters. 

As  a  portion  of  this  article  the  author  briefly  reviews  the  controversy 
as  to  the  formation  of  acetoacetic  ester  from  sodium  and  acetic  ester. 
He  thinks  that  sodium  acts  on  alcohol  to  form  sodethoxid  and  liberate 
hydrogen,  that  the  sodethoxid  reacts  with  acetic  ester  to  produce 
sodacetoacetic  ester  and  alcohol  and  that  thus  alcohol  is  continually 
produced  and  used  up  again.  Some  of  the  hydrogen  is  used  up  in 
secondary  reactions  and  some  is  given  off.  He  doubts  the  formation  of 
a  sodacetic  ester  as  an  intermediate  product. 


JAPP,  FRANCIS  R.  AND  FELIX  KLINQEMANN,  1888. 

Ann.  Chem.  a47»  190-225  ;  J.  Chem.  Soc.  53f  519-544. 

Constitution  of  tlie  So-called  Mixed  Azo  Compounds. 

The  compounds  treated  of  in  this  article  were  prepared  from  aceto- 
acetic esters. 
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PECHMANN,  H.  v.,  1888. 

Ber.  ai,  ^00^-^006 ;  J.  Chem.  Soc.  S^t  42. 

Condensation  Product  of  Quinone  and  Acetoacetic  Ester, 

When  quinone,  Ce  H4  O2 ,  is  brought  in  contact  with  acetoacetic  ester 
in  the  presence  of  zinc  chlorid  they  react  to  form  a  substance  C16  H16  Os , 
which  melts  at  184."  This  substance  will  not  react  with  phenylhydrazin, 
benzoic  chlorid,  sodium  ethoxid  or  alkyl  iodids.  Treated  with  potas- 
sium hydroxid  and  then  an  acid  a  crystalline  dibasic  acid  C14  H,2  Oe 
is  formed  which  is  insoluble  in  ordinary  solvents  and  sublimes  without 
melting.     The  salt  C14  Hio  Ka  Oe  +  2K2O  was  prepared. 


CLAISEN,  L-  AND   W.  ZEDEL,  18^. 

Ber.  ai,  3397-3398  ;  J.  Chem.  Soc.  54*  377- 

Action  of  Chlorcarbonic  Ester  on  the  Sodium  Derivatives  of 

Acetylacetone,  Acetoacetic  Ester  and  Malonic  Ester. 

The  product  obtained  by  treating  acetoacetic  ester  with  chlorcarbonic 
ester  was  thought  to  be  the  dicarboxylic  ester  of  acetoacetic  ester  and 
to  have  the  formula  CH3  COC  (CO^  C,  Hs)^  CO2  C^  H5.* 


CLAISEN,   L.,  1888. 

Ber.  ai,  3567. 

A  Correction. 

By  further  experiments  the  author  has  decided  that  the  compound 
formed  from  acetoacetic  ester  and  chlorcarbonic  ester  is  the  mono-  not 
the  di-carboxylic  derivative  of  acetoacetic  ester,  that  it  is  CH3  COCH 
(CO,  C,  H5)  CO2  C2  H5  and  not  CH3  COC  (CO,  C,  H5),  CO,  C,  H5  as 
stated  by  him  in  Ber.  ai,  33971 

*See  following  article. 
tSee  preceding  article. 
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KNORR,  L.,  1889. 
Ber.  22,  146-152  ;  J.  Cliem.  Soc.  5^1  384. 
Constitution  of  Carbopyrotrltartaric  Acid. 

Fittig  gives  this  acid  the  unsymmetrical  formula 

CH3-C CHCOaH, 

II  I 

HC         CHCOa  H 

C 

o 

while  the  author  gives  it  a  symmetrical  one  : — 

CO2HC-CCO2H 

II      II 
CH3C     CCH3 

\   / 
O     . 

and  says  that  this  formula  is  proven  by  the  fact  that  only  one  pyrotri- 
tartaric  acid  and  only  one  hydrogen-ethyl  ester  can  be  formed  from  it. 


RAYMANN,  B.  AND  K.  CHODOUNSKY,  1889. 

Ber.  23,  304-305  ;  J,  Chem.  Soc.  S^t  485. 

Rhamnodiazln. 

Rhamnodiazin,  Cjs  H32  Na  Os,  is  formed  from  rhamnose,  CH3 
(CHOH)4  CHO,  and  ammonia  and  acetoacetic  ester  in  methyl  alcohol 
solution.  It  melts  at  186!  Other  glucoses  seem  to  yield  similar  com- 
pounds when  treated  with  acetoacetic  ester  and  ammonia. 
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DELISLE,  Am  1889. 

Ber.  aa,  306-309  ;  J.  Chem.  Sec.  S^f  488. 

Ketosulfids  and  Ketosulfid  Acids. 

The  compound  described  in  Ber.  ao,  2008,  obtained  from  acetoacetic 
ester  and  sulfur  dichlorid  is  found  to  be  daHigOeS  intead  of  C10HX4O6S 
and  the  formula 

CHjC-.CHCOaCaHs 
I 
O 

s 

/ 
o 
I 

CHjCrCHCOaCaHj 
is  ascribed  to  it. 


HELD,  A.,  1889. 

Ann.  chim.  phys.  [6]  18,  468-531  ;  Ber.  23,  287(C). 

Derivatives  of  Cyanacetoacetic  Esters. 

The  first  part  of  this  article  is  the  same  as  that  in  Bull.  Soc.  chim. 
[3]i,  306 ^'.  By  treating  cyanacetoacetic  ester  with  ammonia,  amido- 
cyanacetoacetic  ester,  CH3  C  (NHa)  :C  (CN)  CO,  R,  is  obtained  which 
melts  at  188.'  It  is  neutral  wherefore  the  above  formula  is  given  to  it. 
When  it  is  treated  with  an  alkali,  sodcyanacetoacetic  ester  is  obtained. 
If  sulfuric  acid  be  added  to  the  mother  liquor  left  after  the  formation  of 
the  above,  a  monobasic  acid  C7  He  Na  Oa  is  obtained.  The  sodium, 
barium,  ammonium,  silver,  copper  and  lead  salts  and  ethyl  ester  were 
described.  When  heated  with  hydrochloric  acid,  carbon  dioxid  is  given 
oflF  and  another  acid  Cs  H7  NO2  is  formed.  The  author  is  at  work  on 
the  constitution  of  these  acids.  Ethylamin  acts  on  cyanacetoacetic 
ester  to  produce  the  compound  CH3  C(NHCa  H5):C(CN)  COa  R  and 
the  acid  C9  Hio  Nj  O3.  Cyanacetoacetic  ester  boiled  with  water  gives 
Cg  Hg  Na  O  which  sublimes  at  200"  and  is  a  condensation  product  of 
cyanacetone, 

CHCOCHa  (CN) 


CH3CCHa(CN). 


*See  page  105. 
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HALLER,  A.  AND  A.  HELD,  1889. 

Compt.  rend.  108,  516-518  ;  J.  Chem.  Soc.  5<^.  588 ;   Ber.  aa,  255  (C). 
Monochlor-acetoacetic  Esters. 

Two  monochlor  derivatives  of  acetoacetic  ester  were  formed,  the  a, 
and  the  f.  The  latter  by  passing  chlorin  into  acetoacetic  ester  at  low 
temperatures.  It  boils  at  188**- 189!*  It  can  be  distinguished  from  the 
a  product  by  the  fact  that  the  latter  readily  forms  an  insoluble  cyanid 
with  potassium  cyanid. 


HELD,  A.,  1889. 

Bull.  Soc.  chim.  [3]  i«  306-311  ;   Ber.  aa,  407  (C)  ;  J.  Chem. 

Soc.  5^f  1 141. 

Derivatives  of  Cyanacetoacetic  Ester. 

Bromin  reacts  with  cyanacetoacetic  ester  to  form  a  dibrom  derivative, 
CHa  BrCOCBr  (CN)  COa  Ca  H5 ,  a  yellowish  red  liquid  which  decom- 
poses upon  being  distilled  even  under  reduced  pressure.  Chlorin  forms 
with  cyanacetoacetic  ester  Ce  H7  (CN)  Cla  O3 ,  which  boils  at  90*  to  105* 
with  20  to  25  m.  m.  pressure  and  decomposes  spontaneously.  Ethyl- 
cyanacetoacetic  ester  CH3  COC  (Ca  H5)  (CN)  COa  Ca  H5 ,  prepared  from 
ethyl-sodacetoacetic  ester  and  cyanogen  chlorid,  boils  at  103"  to  105*  at 
25  m.  m.  pressure.  Potassium  hydroxid  decomposes  it  into  acetic  and 
butyric  acids.  Methyl-cyanacetoacetic  ester  prepared  similarly  boils  at 
90*  to  92'  at  20  m.  m.  pressure.  Potassium  hydroxid  decomposes  it  into 
acetic  and  propionic  acids.  Unsuccessful  attempts  were  made  to  pre- 
pare cyanacetoacetic  acid. 


CURTIUS,  TH.  AND  R.  JAY,  1889* 

J.  prakt.  Chem.  [2]  39f  27-58  ;  Ber.  m,  134  (C);  J.  Chem.  Soc.  5<^.  393- 

Hydrazin. 
On  pages  51  and  52  of  this  article  the  reaction  between  acetoacetic 
ester  and  hydrazin  hydrate,  Na  H4,  H,  O,  is  treated  of.     Methyl  pyra- 

HaC-CO 

zolone,  I       >NH,  is  formed  which  is  a  crystalline  substance 

CHjC^N 
melting  at  215^,  which  will  dissolve  in  both  acids  and  alkalis. 
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BIOINELLI,  Pm  1889. 

Gazz.*  chim.  19*  212-214  ;   Ber.  »»  688  (C)  ;  J.  Chem.  Soc.  58t  768. 

Action  of  Acetoacetic  Ester  on  Cinnamaldehyde. 

When  acetoacetic  ester,  cinnamaldehyde  and  ethylen-diamin  are 
mixed  and  heated,  a  reaction  takes  place  and  a  crystalline  substance, 
C31  H36 06  is  formed  which  melts  at  i6o''-i6i!  It  will  give  a  bromiu 
derivative  and  is  decomposed  by  caustic  potash.  Methylamin  or  anilin 
may  be  used  in  place  of  ethylendiamin  without  changing  the  result. 
If  benzaldehyde  be  used  in  place  of  cinnamaldehyde  a  compound  free 
from  nitrogen  is  obtained  but  if  propaldehyde  is  used  a  compound  con- 
taining nitrogen  is  produced. 


BIQINELLI,  P.,  1889. 

Gazz.*  chim.  I9t  215-217  ;   Ber.  33,  689  (C)  ;  J.  Chem.  Soc.  58,  732. 

Action  of  Acetoacetic  Ester  on   Dextrose  in 
Alcoholic  Ammonia. 

In  this  reaction  two  compounds  are  formed,  C16  Ha6  Os  N  a  neutral 
substance  which  melts  at  189*- 190*  and  doHifiOjN,  which  melts  at 
1 30'- 13 1.*  The  latter  was  formed  in  sealed  tubes  at  loo*  to  1 10.'  The 
author  is  continuing  the  investigation  of  these  reactions. 


KiPPINQ,  F.  STANLEY   AND  W.  H.  PERKIN,  Jr..  1889. 

J.  Chem.  Soc.  55.  330-35i  ;  Ber.  33,  571  (C). 
a-co-diacetyl-pentane  and  a-a>-dil>enzoyl-pentane. 

In  the  researches  upon  these  compounds  the  first  one  was  made  from 
acetoacetic  ester.  Sodacetoacetic  ester  was  treated  with  trimethylene 
bromid  and  after  the  reaction  more  sodium  dissolved  in  alcohol  was 


^Original  article  not  consulted. 
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added.  This  process  gave  a  much  better  yield  than  any  other  method 
tried.    The  product  obtained  is  methyl-dehydrohexone  carboxylic  ester, 

CHj 

C— O      — CH, 

C  ~-  CHa  —  Cxia  t 
COaCaH^ 

This  is  changed  by  hydrobromic  acid  into  aceto-butyl-bromid,  CH3  CO 
(CH2)4  Br,  and  this  by  sodacetoacetic  ester  into  a-ai-diacetylcaproate. 

CH3 

I     ^ 
CO 

CH— (CHa)4COCH3, 

COaCaH^ 

Treating  this  with  potassium  hydroxid  the  free  acid  is  produced  and  by 
heating  this  carbon  dioxid  is  given  off  and  a-a>-diacetyl-pentane, 
CH3CO(CHa)5COCH3,  is  obtained.  Several  derivatives  of  this  are 
described.  * 


PITTIQ,  R.,  FRITZ  VON  EYNERN  AND  ADOLF  DIBTZBL,  1889, 

Ann.  Chem.  230^  166-21 1  ;  J.  Chem.  Soc.  S^f  592  ; 
Ber.  M,  200  (C). 

Condensation  of  ^-Ketonic  Esters  with  Dibasic  Acids. 

After  a  disaission  of  the  constitution  of  the  products  of  condensation 
of  succinic  and  pyruvic  acids  with  acetoacetic  ester,  it  is  decided  that 
they  are  all  derived  from,  either 


C0< 


CH:CH  /CH:CH 

CH,CH,    ^^f^^°^C(0«>^CHCH,. 


Pyrotritartaric  acid  is  now  called  uvitic  acid  and  carbpyrotritartaric 
acid  is  now  called  carbuvitic  acid.  When  acetoacetic  ester,  acetic 
anhydrid  dnd  sodium  succinate  are  heated  together  they  give  hydrogen 
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methronic  ester.  Cs  H7  (d  H5)  O5,  a  crystalline  substance  which  melts 
at  75*-76r  The  calcium,  barium  and  silver  salts  were  described.  From 
it  was  prepared  methronic  acid, 

CHj  C  -  CHCO,  H     ■ 
II         I 
CO,  HC      CH, 

\    / 
C 
O 

which  decomposes  at  high  temperatures  to  form  uvic  acid.  Methronic 
diethyl  ester,  C8H6(CjH5)j05,  and  a  phenylhydrazin  derivative  were 
also  described.  By  heating  acetoacetic  ester  and  pyruvic  acid, 
CHj  COCX)a  H,  with  acetic  anhydrid,  hydrogen  methyl  methronic  ester 
is  formed  and  from  this  the  methyl-methronic  acid  which  is 

CHj  C  —  CHCO,  H  CH,  C  —  C<pJ5  w 

HI  11     ^°'"' 

CO,HC       CHCHj      or      CO,HC      CH, 

c  .  c 

o  o 

No  acid  salts  of  this  are  known  but  the  normal  calcium,  barium  and 
silver  salts  were  described.  Methyl-methronic  diethyl  ester  was  also 
described.  Prom  methyl-methronic  acid  were  obtained  methyl-uvic  acid, 

CHj  C  -  CHCO,  H  CHj  C  -  C  SS'  ^ 

II        I  R        I  ^"* 

HC       CHCHj      or  HC       CH, 

\     /  \   / 

c  c 

o  o 

and  dimethyl-keto-pentene, 

CHj  C  -  CH,  CH,  C  -  CHCHj  , 

II        I  or  II        I 

HC       CHCHj  HC       CH, 

\    /  \   / 

C  C 

o  o 
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ZOrCHER,  Hm  1889. 

Ann.  Chem.  250,  281-294 ;    J.  Chem.  Soc.  5^.  725  ;    Ber.  33,  258  (C). 

Action  of  Thiocyanates  and  Thiocarbamlds  on 
Chlorinated  Acetoacetic  Esters. 

Methyl-oxythiazole-carboxylic  ester, 

COaCaH.C  — S, 

D        I 
CH3C       COH 

\    ^ 

N 

is  formed  from  monochlor-acetoacetic  ester  and  a  metallic  thiocyanate. 
Some  of  its  reactions  and  derivatives  are  described.  Thiocarbamid 
acting  on  monochlor-acetoacetic  ester  gives  amidomethyl-thiazole- 
carboxylic  ester, 

COaCaHs— C— S 

II        I 

CH3  — C        CNHa 

\  ^ 

N 

from  which  the  free  acid  and  some  of  its  salts  were  obtained.  Dichlor- 
acetoacetic  ester  reacts  with  barium  thiocyanate  to  form  a  compound 
C,4  H,6  07NaSa .  With  thiocarbamid  dichlor-acetoacetic  ester  does 
not  react. 


PEIST,  PRANZ,  1889. 

Ber.  aa,  1570-1571  ;  J.  Chem.  Soc.  5<^t  957;  Bull.  Soc.  chim.  [3]3»657. 

Dehydracetic  Acid. 

Dehydracetic  acid  when  treated  with  hydriodic  acid  gives  dimethyl- 
pyrone,  C0<^][^:^^^]][3^  >  O.  which  melts  at  132%  boils  at  248''-249« 
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at  719  m.m.  pressure.  An  aqueous  solution  of  this  gives  with  barium 
hydroxid  C7  Hs  O3  Ba  a  (xantho)  barium  salt, 

O-Ba-O 

I  I 

Crx3  C  CCXX3 ,  , 

II  II 
CH          CH 

\      / 
CO 

which,  when  treated  with  hydrochloric  acid  gives  a  tri-ketone 
CH3  COCH2  COCHa  COCH3 ,  which  melts  at  49^  and  at  higher 
temperatures  gives  oflF  water  and  forms  dimethyl-pyrone  again. 
When  the  triketone  is  heated  with  ammonia,  lutidone  is  formed. 


KRAPPT,  P.  AND  J.  MAI,  1889. 

Ber.  M,  1757-1759  ;  J.  Chem.  Soc.  5<^t  1017. 
Myristic  Aldehyde. 

.  When  myristic  aldehyde,  C13  Hay  CHO,  ammonia  and  acetoacetic  ester 
are  mixed  a  reaction  takes  place  and  hydrotridecyl-lutidin-dicarboxylic 
ester, 

Cx3  H27 

C 

COaCaHsCH        CCOaCaHj, 

CH3CH     C  — CH3 

N 

is  formed,  which  melts  at  60."  From  this  were  formed  the  corres- 
ponding compounds;  —  tridecyl-lutidin-di-carboxylic  ester,  tridecyl- 
lutidin-di-carboxylic  acid  and  tridecyl-lutidin. 
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SCHONBRODT,  R.,  1889. 

Ann.  Chem.  253,  168-205  ;  J-  Chem.  Soc.  5*,  27  ;   Ber.  m,  680  (C). 

Derivatives  of  Acetoacetic  Ester. 

By  passing  chlorin  through  cupracetoacetic  ester  in  chloroform  the 
mono-  and  di-chlor  derivatives  were  formed  and  the  corresponding 
bromin  derivatives  were  similarly  formed.  lodacetoacetic  ester  pro- 
duced from  cupracetoacetic  ester  and  iodin  is  an  unstable  oil  which 
decomposes  at  25*  in  a  vacuum,  its  specific  gravity  is  1.705  at  I4',  in 
alcoholic  solution  it  gives  a  blood  red  color  with  ferric  chlorid.  Silver 
chlorid  converts  it  into  mono-chlor-acetoacetic  ester.  When  treated 
with  silver  nitrite  an  oil  is  produced  which  gives  a  blood  red  color  with 
ferric  chlorid  and  sulfuric  acid  and  which  is  probably  nitroacetoacetic 
ester.  Treated  with  phenylhydrazin  it  gives  phenyl-methyl-nitroso- 
pyrazolone  [i  :  3 :  4  :  5].  Sodacetoacetic  ester  and  iodacetoacetic  ester 
give  diacetosuccinic  ester.     lodacetoacetic  ester  and  metallic  silver  give 

CHjCOCCO^R 
diacetofumaric  ester,  ^„  orxAr^rk  t»-     Cupracetoacetic  ester  boiled  in 

benzene  with  sulfur  gives  thioacetoacetic  ester.  In  presence  of  alcohol, 
phosphorus  acts  on  cupracetoacetic  ester  to  form  acetoacetic  ester  and 
tri-ethyl  phosphite,  P  (OCa  ^[5)3.  Cupracetoacetic  ester  and  arsenic 
trichlorid  form  cuprous  chlorid,  arsenic  and  mono-chlor-acetoacetic 
ester.  Unsuccessful  attempts  were  made  to  replace  hydrogen  by  copper 
in  methyl-acetoacetic  ester. 


GABRIEL,  S.  AND  J.  HAUSMANN,  1889. 

Ber.  3J,  2017-2019  ;  J.  Chem.  Soc.  S^*  1172. 

Action  of  Orthocyanobenzylchlorid  on  Sodacetoacetic  Ester. 

In  this  reaction  two  products  are  formed,  a  small  amount  of  di-ortho- 
cyanobenzylacetoacetic  ester,  CH3  COC  (CNCe  H^  CH^a  CO,  C,  H5  . 
and  a  much  larger  amount  of  orthocyanobenzylacetic  ester,  or  ortho- 
cyanohydro-cinnamic  ester,  (CNCe  H^  CH,)  CH,  CO,  C,  H5.  The  latter 
is  a  colorless,  crystalline  substance  melting  at  98'-99*  which  is  decom- 
posed when  warmed  with  hydrochloric  acid  into  a-hydrindone,  carbon 

CO 
dioxid,   alcohol  and    ammonia.    a-Hydrindone.    Ce  H^  <qjj  >  CH,, 

crystallizes  and  melts  at  40*  and  boils  at  243'-245r  Diortho-cyano- 
benzylacetoacetic  ester  is  a  colorless  crystalline  substance  which  melts 
at  120! 
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TIBMANN,  P.,  1889. 

Ber.  aj,  241 2-241 7  ;  J.  Chem.  Soc.  5^»  44. 

Action  of  Acetaldehyde  and  Acetoacetic  Ester  on  Benzenyl- 

amidoxim. 

Acetoacetic    ester    and    benzenyl-amidoxim,    Ce  H5  C  ^  j^jj 
react  to  form  benzenylaceto-ethenylazoxim, 

Ce  H5  C  V   ^ -  CCHa  CX)CH3 . 

Alkalis  decompose  it,  forming  benzenyl-ethenyl-azoxim, 

C6H5C 

and  acetic  acid.     The  oxim, 

C6H5 

and  the  hydrazone, 

C6H5C 

were  also  described.. 


Ce  H5  C  ^  jq^  ^_^-:==CCH3 , 


Cfi  H5  C^  N===:2:^CCHa  C  I  (NOH)  CH3  . 


C6  H5  cf  N^^^CCHa  C  :  (Na  H  C6  H^)  CH3 . 


BUCHKA,  K.  AND  C.  SPRAQUE,  1889. 

Ber.  aj,  2541-2556  ;    J.   C\iem.  Soc.  5*»  28. 
Thioacetoacetic  Ester. 

This  substance,  C,aH,8  06S,  melts  at  76*  and  forms  a  sodium 
derivative  Cia  H,6  Naj  Oe  S.  Schonbrodt  has  proven  that  the  sulfur  is 
joined  to  the  a-carbon  atom  and  not  to  oxygen.  Phenylhydrazin 
reacts  with  it  to  form  phenylmethyl-pyrazoloneketo-phenylhydrazone 
or  phenylmethyl-pyrazolonazobenzene, 

NHNC6H5 

II 

C  — CO, 

\ 
NC6H3 

/ 

CH3C  -  N 
and  a  yellow  substance  which  appears  to  be  doHgNaSO.  The 
compound  which  Schonbrodt  describes  as  phenylmethyl-nitrosopyra- 
zolone  is  identical  with  phenylmethyl-pyrazolonazobenzene.  Thio- 
acetoacetic ester  unites  with  paratolylhydrazin  and  a-naphthylhydrazin 
yielding  a  series  of  complicated  compounds  in  each  case. 
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MICHAELIS,  A.  AND  OSCAR  BURCHARD,  1889. 

Ann.  Chem.  a54>  11 5- 128. 
Syntheses  by  Means  of  Sodium-phenylhydrazin.    Ethylenphenyl- 

hydrazin. 

In  the  last  paragraph  of  this  article  mention  is  made  that  ethylen- 
phenylhydrazin  easily  condenses  with  acetoacetic  ei^ter  to  form  a 
beautiful  crystalline  substance  which  melts  at  54,*  It  is  being 
investigated  by  the  authors. 


RAYMAN,  B.  AND  O.  POHL,  1889. 

Ber.  M,  3247-3249  ;  J-  Chem.  Soc.  5^,  355. 

Rhamnodiazin. 

Rhamnodiazin,  ds  Hj,  Os  N^ ,  is  further  studied  but  no  very  definite 

results  are  obtained.     Its  constitution  is  probably  CH3  (CHOH)4  CH 

CH 
(N:C  <  QTT^  ro  C  H  "i       When  rhamnose,  acetoacetic  ester  and  an 

amin  are  mixed  they  form  rhamnosamin. 


KIPPINQ,  P.  STANLEY  AND  W.  H.  PERKIN,  Jr.,  1890. 

J.  Chem.  Soc.  57»  29-38  ;   Ber.  23,  249  (C). 

a-a>-Diacetyl-a-<o-diethylpentane. 

This  substance  whose  properties  and  reactions  are  described  is 
obtained  by  treating  sodacetoacetic  ester  with  tri-methylene  bromid. 
These  substances  combine  to  form  a-a>-diacetyl-a-a>-diethyl-pimelic 
ester  which  is 

CH3  CH3 

CO  CO 

C(C,H5)-(CH,)3-C(C,H5) 

COa  Ca  H5  COa  C,  H5 

and  when  this  is  boiled  with  alcoholic  potash  there  is  formed  a-m-diacetyl- 
a-ai-diethyl-pentane,  CH3  COCH  (C,  H5 )  (CHa)3  CH  (Ca  H5)  COCH3. 
as  well  as  some  oi-acetyl-a-cci-diethyl-caproic  acid. 
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PERKIN,  Jr..  W.  H.,  1890. 

J.  Chem.  Soc.  57t  204-241. 
a— a'-Diacetyladipic  Ester. 

Sodacetoacetic  ester  and  ethylene  bromid  react  to  form  two  products, 

CH  CO  ^^' 

(i)   acetyl-trimethylene-carboxylic  ester,  m^p    >C<L^^  »  ^°^  (2) 

K.VJ2  x^  CHa 

a— a'-diacetyladipic  ester,  ^g^  CO  ^  ^.jj^jj^^^jj^  ^.jj  ^COCHj  ^j^^ 

latter  compound  is  a  thick  colorless  oil,  rather  difficultly  separable 
from  impurities,  which  decomposes  some  when  distilled  yielding  a 
mixture  of  several  compounds.  It  will  give  a  diphenylhydrazin 
derivative, 

CHjCCNaHCfiNs)   -^    ^^^^a^lla^W  v.  C(Na  HC6  H5)CH3, 

which  melts  at  145'  and  when  heated  higher  gives  bis-phenyl- methyl 
methylene-pyrazolone, 


C6H5N 

NCfiH, 

/   N 

/     N 

N     CO 

OC       N 

n    1 

1        N 

CH3  C-CHCHa  CHa  CH-CCH3 

Many  other  reactions  and  derivatives  of  a— a'-diacetyladipic  ester  were 
given. 


FEIST.  PRANZ.  1890. 

Ann.  Chem.  357.  253-297  ;  Ber.  33#  463  (C). 
Dehydracetic  Acid. 

In  this  long  article  account  is  given  of  a  study  of  dehydracetic  acid 
made  in  order  to  determine  its  constitutional  formula  and  its  relation  to 
its  isomers.  A  large  number  of  reactions  are  described  and  a  great 
many  of  its  derivatives  are  produced  and  their  constitution  determined. 
A  figure  is  given  representing  the  most  important  reactions  and  a  table 
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of  comparisons  of  the  three  isomeric  bodies  CgHgO^.      They  are 
assigned  the  following  formulae.     For  dehydracetic : — 

CH3C— O-     c=o 
'  II  I 

CH-CO-7CHCOCH3 

or  the  tautomeric  forms  of: — 

CH3-C— O  —        C=0  CH3— C  —0  —  0:0 

CHC  (OH)  :  CCOCH3  or :—      CHCO— CC  (OH)  CH3  . 

For  a — a-dimethyl-pyron-carboxylic  acid : — 

CH3C— O— CCH3 
'  CHCO— C— COaH 

and  for  isodehydracetic  acid  : — 

CH3C O C:0 

^1  I 

CHC(CH3):CCOaH. 


PETERS,  THEODOR,  1890. 

Ann.  Chem.  257,  339-353  ;  J.  Chem.  Soc.  5®,  1097  ;  Ber.  23,  468  (C). 
Action  of  Alkyl   Substituted   Acetoacetic  Esters  with  Ammonia. 

By  the  action  of  ammonia  on  these  esters  two  products  are  formed 
(i)  a-alkyl-^-amido-crotonic  acid.  CH3C  (NHJ  :  CRCO2R,  and  (2) 
amids  of  alkylacetoacetic  acid,  CH3  COCHRCONH^ ,  but  the  former 
only  is  produced  when  anhydrous  ammonia  is  employed.  Ethyl- 
acetoacetic  methyl  ester  yields  ethyl-amido-crotonic  methyl  ester, 
CH3  C  (NHa)  :  C  (Ca  H5)  CO2  CH3  ,  which  melts  at  35^-36%  and  ethyl- 
acetoacetamid,  CH3  COCH  (C,  H5)  CONH, ,  melting  at  96."  Methyl- 
acetoacetic  ester  yields  methyl-acetoacetamid,  CH3COCH(CH3)CONH2, 
melting  at  73!'  a-Methyl-/9-amido-crotonic  ester  melts  at  53!  Isobutyl 
acetoacetamid  melts  at  88°,  a- isobutyl-^- amido-crotonic  ester  melts 
at  41* -42*,  isoarayl-acetoacetamid,  CH3COCH(C5H„)  CONHj.  melts 
at  129*  and  a-isoamyl-/9-amido-crotonic  ester,  CH3  C  (NHj)  :  C  (C5  Hn) 
COa  Ca  H5  ,  melts  at  50!  Diethyl-acetoacetic  ester  is  not  attacked  by 
either  anhydrous  or  aqueous  ammonia. 
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PETERS,  THEODOR,  1890. 

Ann.  Chem.  257,  353-358 ;  J.  Chem.  Soc.  5*,  1096 ;  Ber.  aj,  468  (C). 

Action  of  Alcohols  on  Acetoacetic  Ester. 

When  a  little  sodium  is  (Jissolved  in  the  alcohol,  methyl,  isopropyl 
and  isoamyl  alcohols  will  convert  acetoacetic  ester  into  the  methyl, 
isopropyl  and  isoamyl  esters  respectively,  slowly  at  ordinar>'  tempera- 
tures but  quickly  if  heated.  Even  in  the  absence  of  sodium,  isopropyl 
and  isoamyl  alcohols  will  thus  convert  acetoacetic  ester  if  the  mixtures 
be  boiled  together,  while  methyl  alcohol  has  no  action  in  the  absence 
of  sodium.  Ethyl-acetoacetic  ester  reacts  similarly  with  these  alcohols. 
Acetoacetic  isobutyl  ester,  CH3  COCHa  COa  C4  H, ,  boils  at  i98*-202' 
and  its  ethyl  derivative,  CH3COCH(CaH5)C02C4Hg,  boils  at  2ii'-2i5! 
Acetoacetic  isoamyl  ester,  CH3COCHaCOaC5  Hn  ,  boils  at  2i7'-2i9' 
and    its    ethyl    derivative,    CH3COCH  (CaH,)  COa  C5H11 ,    boils    at 

226"-230f 


MICHAELIS,  A.  AND   B.  PHILIPS,  1890. 

Ber.  33»  559-5^1  ;  J.  Chem.  Soc.  5*,  582. 
Thio-acetoacetic  Ester. 

This  substance  was  prepared  by  treating  acetoacetic  ester  with 
thionyl  chlorid,  SOCla;  it  melts  at  ioo*-ioi'  When  treated  with  an 
excess  of  phenylhydrazin  it  gives  phenylmethylpyrazolonazobenzene 
which  melts  at  156*,  but  when  twice  the  molecular  proportion  of 
phenylhydrazin  is  added  in  cold,  acetic  acid  a  compound  of  the  com- 
position Cao  Haa  N4  O4  S  is  produced.  This  is  probably  thioacetoacetic 
phenylhydrazid  which  is 

CH3  COCHCONa  Ha  C6  H5 

>S  ; 

CH3  COCHCONa  Ha  C6  H5 

it  decomposes  at  185.'     When  this  is  heated  with  an  excess  of  phenyl- 
hydrazin it  forms  phenylmethyl  pyrazolonazobenzeue, 

N-C6H5 

N     C:0 
II       I 
CH3C  — C-NNHC6H5. 
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BUCKA,  K.  AND  CH.  SPRAQUE,  1890. 

Ber.  33,   847-855  ;  J.  Chem.  Soc    5^.   796. 
Action  of  Phenylhydrazin  on  Thioacetoacetic  Ester. 

When  these  substances  react  in  cold,  glacial  acetic  acid  in  the  pro- 
portion of  one  molecule  of  thioacetoacetic  ester  to  two  molecules  of 
phenylhydrazin  they  form  thiophenylmethylpyrazolone, 

CeHj  C6H5 

C«,H,8N4SOa=  I  I 

N  N 

y   \  /    \ 

N     CO  OC        N 

II       I  I  II 

CH3C  — CH-S-HC  — C-CHj 

and  not  C20  Hsa  N4  SO4  as  Michaelis  and  Philips  state  in  their  article 
(♦which  see).  It  decomposes  at  183**  without  melting,  is  soluble  in 
alkalis  and  forms  stable  salts  with  strong  acids.  When  heated  with 
an  excess  of  phenylhydrazin  it  goes  over  into  phenylmethylpyrazolone- 
ketophenylhydrazone  which  is  the  same  as  Michaelis'  phenyl-methyl- 
pyrazolonazobenzene, 

C6H5 

N 

N      CO 

II        I 
CH3C  -  C  =  N  — N  — H  — QiH, 


CLOEZ,  C.  1890. 

Compt.  rend,  no,  583-586  ;  J.  Chem.  Soc.  5^,  739  ;  Ber.  33.  284  (C). 

Hydrox3rtetric  Acid. 

By  treating  methyl-acetoacetic  ester  with  bromin  dibrom-methyl- 
acetoacetic  ester,  C6  H7  Brj  (CH3)  O3  ,  is  formed,  and  when  this  is 
treated  with  alcoholic  potash,  hydroxytetric  acid.  C5  He  O4  ,  is  obtained, 

'Seepage  116. 
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which  melts  at  20i?-202r  By  the  action  of  water  on  dibrom-methyl- 
acetoacetic  ester  in  presence  of  barium  chlorid  hydroxytetric  ester, 
C5  H5  (Ca  H5)  O4 ,  is  obtained,  it  melts  at  67°-68'  and  has  an  acid  re- 
action. By  treating  an  alcoholic  solution  of  hydroxytetric  acid  with 
gaseous  hydrochloric  acid  a  body  boiling  at  224'-226'  and  having  the 
composition  of  hydroxytetric  diethyl  ester  is  obtained. 


CLOEZ,  Cm  1890. 

Bull.  Soc.  chim.  [3]  3»  602-605  ;  Ber.  33f  4.'^5  (C). 
Identity  of  Hydroxytetric  and  Mesaconic  Acids. 

The  author  proves  the  identity  of  these  acids  by  their  melting  points, 
solubility  in  water,  volatilization,  brown  color  g^ven  with  ferric  chlorid 
and  the  same  reactions  towards  bromin  and  acetyl  chlorid. 


HALLER,  A.  AND  A.  HELD,  1890. 

Compt.  rend,  iii,  647-650  ;  J.  Chem.  Soc.  60,  171. 

^.Cyanacetoacetic  Esters  and  their  Chlor-imido  Derivatives. 

/'-Cyanacetoacetic  ester  boils  at  135"  to  138',  at  40  to  45  m.m.  pres- 
sure, with  some  decomposition.  Treated  with  hydrochloric  acid  in 
alcoholic  solution  the  hydrochlorid  of  the  imido  ester  of  acetone-dicar- 
boxylic  ester.  CH,  (C02C2H5)COCH,C(OC2H5)  (NH),HC1,  is  formed 
which  is  very  unstable  being  decomposed  by  water.  7--Cyanacetoacetic 
methyl  ester  boils  at  217*  to  218*  and  when  treated  with  hydrochloric 
acid  in  methyl  alcohol  it  yields  the  hydrochlorid  of  the  imido  ester  of 
acetondicarboxylic  methyl  ester  +  one  molecule  of  HCl  which  is  either 
CH,(C02CH3)CH(0H)CHC1C(0CH3)(NH),HC1  or  CHClCCOaCHj) 
CH(OH)CH3C(OCH3)(NH),HCl. 
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NEF,  J.  U.,  1890. 

Ann.  Chem.    258,   261-318,  Am.    Chem.  J.    la,  379-425  ;  J.  Chem. 

Soc.  5»f  983. 

Tautomeric  Compounds. 

In  this  article  acetoacetic  ester  is  considered  and  the  author  decides 
that  it  is  a  tautomeric  compound  ;  that  the  sodium  derivative  has  the 
sodium  combined  to  oxygen,  thus:  CH3  CONa  :  CHCOa Cj  H5  ,  but 
that  the  ester  itself  and  its  alkyl  derivatives  have  the  ketonic  oxygen, 
thus:  CH3 COCHRCO2 R.  By  treating  sodacetoacetic  ester  with 
benzoyl  chlorid  two  compounds  were  produced,  the  principal  one  was 
monobenzoyl-acetoacetic  ester  and  the  minor  one  was  dibenzoyl-aceto- 
acetic  ester,  CHjCOCCCOCe  H5)aCOaCaH5,  which  has  never  been 
prepared  before.  It  is  very  unstable  and  cannot  be  distilled  even  in 
vacuum. 


BEHRBND,  R.  AND   PAUL  ERNBRT,  1890. 

Ann.  Chem.  358,  360-362;  J.  Chem.  Soc.  S^t  1240;  Ber.  33»  643(C). 
Condensation  of  Carbamid  with  Acetoacetic  Ester. 

Carbamid  condenses  with  sodacetoacetic  ester  to  form  a  compound 
C13  Haa  Na  O7  Na  a  which  is  probably  represented  by  the  formula 

CH3  CH3 

CONa-HN-CO-  NH-CONa 

I  I 

CHa  CHa 

COaCaHs  COaCaHs. 

It  melts  at  165*  and  is  decomposed  by  water.  It  is  also  decomposed, 
by  passing  carbon  dioxid  into  its  alcohol  solution,  into  carbamid, 
acetoacetic  ester  and  sodium  ethyl  carbonate,  NaCa  H5  CO3. 
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HANTZSCH.  A.,  1890. 
Ber  33,  2339-2342;  J.  Chem.  Soc.  s^,  1238. 
Halogen  Derivatives  of  Acetoacetic  Ester. 

The  action  of  thiocarbamid  and  thioacetamid  on  the  halogen 
derivatives  of  acetoacetic  ester  are  used  to  distinguish  between  the  a 
and  Y  positions  for  the  halogen  thus : 

CHjBr    HS  CH-S 

11  VI 

CO    +        C-(NH,orCHj)-  C       C-(NH,orCHj) 

\  //  I   \   // 

COjRCH,     HN  CO,R-CH,N 

which  is  amido-  or  methyl-  thiazylacetic  ester  and 

CO,R-CHBr  HS  CO,RC-S 

II  HI 

CH3CO     +         C-(NH,orCH3)=   CHjC    C-lNH.orCHj). 

HN  N 

Bromin  acting  on  acetoacetic  ester  gives  the  y  product  but  when 
cupracetoacetic  ester  is  treated  with  bromin  the  a  product  is  obtained. 
Chtorin  acting  on  acetoacetic  ester  gives  the  a  product.  Methyl-ethyl- 
thiazole, 

CH-S 

H         I 

C        C-CH3, 

l\  ^ 
CHj  N 

was  produced  from  methyl-brom-acetoacetic  ester  showing  it  to  be  the 
X  product  and  trimethyl-thiazole, 

CH3-C-S 

II      I 
CH3C    CCH3. 

\// 

N 

was  produced  from  methyl-chlor-acetoacetic  ester  showing  it  to  be  the 
a  derivative. 


ACETO    ACETIC    ESTER  121 

DITTRICH,  Em  1890. 

Ber.  23,  2720-2725  ;  J.  Chem.  Soc.  5^»  1418. 
Action  of  Picric  Chlorid  on  Sodacetoacetic  Ester. 

By  the  action  of  picric  chlorid,  CeH,  (NOa)3  CI,  on  sodacetoacetic 
ester  the  mono-  or  di-  trinitrophenyl-acetoacetic  ester  is  formed, 
according  to  the  proportion  of  picric  chlorid  used.  Trinitrophenyl- 
acetoacetic  ester,  CH3  COCH  [Ce  H,  (NOa)^]  COa  Ca  H5  ,  melts  at  98°, 
dissolves  in  alkalis  from  which  solution  weak  acids  precipitate  it. 
Di-  (trinitrophenyl)  acetoacetic  ester,  CH3COC[C6Ha(NOa)3]aC02CaH5, 
melts  at  205'  with  decomposition ;  alcoholic  potash  dissolves  it  and 
acids  precipitate  not  the  same  but  trinitrophenyl-acetoacetic  ester. 
When  trinitrophenyl-acetoacetic  ester  is  boiled  with  sulfuric  acid  trini- 
trophenyl acetone,  CH3COCH3  [CeHa  (N02)3].  ^^  formed  which  melts 
at  89!  This  condenses  with  phenylhydrazin  to  C15  Hx3  N5  Oe ,  which 
melts  with  decomposition  at  125! 


ANSCHUTZ,  R.,  P.  BENDIX  AND  W.  KERP,  1890. 

Ann.  Chem.  259,  148-186;  J.  Chem.  Soc.  60,  172  ;  Ber  23,  734  (C). 

Mesitene  Lactone  and  Isodehydracetic  Acid, 

Much  of  the  work  done  by  Hantzsch  on  the  condensation  products 
of  acetoacetic  ester  has  been  repeated  by  the  authors.  They  corroborate 
his  formulae  for  mesitene  lactone  and  isodehydracetic  acid,  (Cg  H8O4), 
but  find  that  the  first  condensation  product  is  a  mixture  of  isodehydra- 
cetic acid  and  its  ethyl  ester.  Isodehydracetic  methyl  ester  melts  at 
67*  and  boils  at  167'  under  14  m.m.  pressure,  it  can  be  obtained  by 
treating  the  potassium  salt  with  methyl  iodid  or  by  condensing  aceto- 
acetic methyl  ester.  Unsuccessful  attempts  were  made  to  prepare 
Hantzsch' s  homomesaconic  acid ;  by  treating  isodehydracetic  ester  with 
potash  two  acids  were  obtained  ;  ( i)  C,o  Hu  O4  which  melts  with  decom- 
position at  22 1*,  is  almost  insoluble  in  ether,  benzene,  chloroform  and  cold 
water  and  but  moderately  soluble  in  boiling  water.  Its  potassium, 
barium  and  copper  salts  and  methyl  ester  were  described.     The  second 
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acid  Cg  H,o  O3 ,  melts  at  149*,  is  soluble  in  alcohol,  ether  and  chloroform 
and  decomposes  at  160*;  its  barium  and  silver  salts  were  described. 
Isodehydracetic  ester  is  converted  by  warm  anhydrous  ammonia  into 
the  corresponding  lactam,  identical  with  the  substance  obtained  by 
CoUie  by  the  condensation  of  ^^-amido-crotonic  ester.  The  change  is 
represented  thus : 

CH,  CH, 

I  I 

C  C 

COjCHjC       CH  CCCHjC       CH 


T, 


CHjC       CO  CHjC       CO  1 

\    /  ^    / 

O  N 

H 
Isodehydracetic  ester  Caroxethylmesitenlactam. 


Mesitene  lactone 


CH, 

I 

C 

/   \ 

HC      CH 


CHj  C       CO 
O 


is  changed  by  ammonia  into  mesitene  lactam 

CH, 

I 
C 

/    \ 
HC      CH 

I         I 
CHjC       CO 

\    / 

N 
H 

An  alcoholic  ethereal  solution  of  isodehydracetic  ester  treated  in  the 
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cold  with  ammonia  forms  a  compound  Cio  H,s  N,  O4,  if  moisture  be 
excluded.     It  is  represented  thus  : — 

CHj 


i 


/    \ 
CO,  RC     CH 

O 

Isodehydracetic  ester  can  be  prepared  from  sodacetoacetic  ester  and 
^-chlorcrotonic  ester  which  proves  its  constitution  thus  : — 


CH3CO— C 


CO.C.H,  CH.  CO.C.„,CH. 

CiCHizrCHjCiC C:CH. 

I 


H 


NaCl 


CaHjO   CO  O C:0 


AUTENRIETH,  W.,  1890. 

Ann.  Chem  259,  365-373  ;  J.  Chem.  Soc.  60,  204. 

Sulfur  Derivatives  of  Acetoacetic,  Methylacetoacetic  and 
Ethylacetoacetic  Esters. 

By  treating  j9-dithiophenylbutyric  ester,  CH3C(SC6H5),CHaCOaCaH5, 
with  sulfuric  acid  and  potassium  permanganate,  /9-diphenylsulfone- 
butyric  ester,  CH3  C  (SO,  Ce  K^)2  CH,  CO^  C,  H5 ,  is  obtained,  it  melts 
at  97'*,  is  soluble  in  hot  alcohol,  ether  and  benzene  and  insoluble  in 
water.  a-Ethyl-^S-diethylsulfonebutyric  ester,  CH3  C  (SOa  C^  Hj),  CH 
(Ca  H5)  COa  Ca  H5 ,  formed  in  a  similar  manner  from  the  condensation 
product  of  ethyl  mercaptan  and  ethyl-acetoacetic  ester,  melts  at 
87''-88!  a-Methyl-j9-diethylsulfonebutyric  ester  melts  at  79!  a-Ethyl- 
i9-dithiophenylbutyric  ester,  CH3  C  (SCe  H5)a  CH  (Ca  H5)  COa  Ca  H5 , 
is  made  by  condensing  ethyl-acetoacetic  ester  and  phenyl  mercaptan, 
and  melts  at  jo'-ji^  From  this  by  the  above  method  was  prepared 
a-ethyl-^-diphenylsulfonebutyric  ester,  CH3C(SOaC6H5)aCH(CaH5) 
COaCaHj,  which  melts  at  11  if 
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ELION,  H.,  1890. 

Ber.  ^3,  3123-3124  ;  J.  Chem.  Soc.  60,  171. 

Preparation  and  Properties  of  Sodacetoacetic  and 
Sod-ethylacetoactic  Esters. 

Both  these  substances  when  anhydrous  are  soluble  in  ether  but  both 
form  hydrous  compounds  insoluble  in  ether.  The  anhydrous  com- 
pounds cannot  be  obtained  by  keeping  the  hydrous  compounds  over 
sulfuric  acid  as  has  been  stated  and  the  author  thinks  that  there  is  but 
one  form  of  anhydrous  sodacetoacetic  ester  and  not  two,  one  of  which 
is  insoluble  in  ether  as  stated  by  Michael. 


PINNER,  A.,  1890. 

Ber.  23,  3820-3826 ;  J.  Chem.  Soc.  60,  468. 

Imido  Esters  and  their  Derivatives. 

Acetoacetic  ester  is  treated  with  imidobenzoic  ester  and  the  chief 
product  is  found  to  be  phenylmethyl-hydroxypyrimidin, 

^NC    (CH,)^ 
C6  H5  C  CHt 

"^N  :  C(OH)/ 

melting  at  216  The  imidobenzoic  ester  is  probably  first  converted 
into  benzoic  ester  and  ammonia  thus:  CeHjC  (NH)  OCaH5+HaO= 
CeHsCOaCaHs+NH^;  the  ammonia  acts  on  some  imido-benzoic 
ester  forming  alcohol  and  benzamidin  which  last  product  unites  with 
the  acetoacetic  ester. 


JAPP,  FRANCIS   R.  AND   FELIX   KLINQEMANN,  1891. 

J.  Chem.  Soc.  59»  1-26. 
Phenanthroxylene-acetoacetic   Ester. 

This  compound,  prepared  from  acetoacetic  ester  and  phenanthra- 
quinone  and  given  the  formula, 

C6H4— C:C<^Q^jj^ 

C6H4— CO 


\ 
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has  been  further  studied.  When  treated  with  formic  or  sulfuric  acid 
an  isomer  is  formed,  to  which  the  formula, 

C6H4— C(OH)— CH, 

is  provisionally  given,  and  which  is  called  isophenanthroxylene-aceto- 
acetic  ester;  it  melts  at  177!  It  forms  a  mono-acetyl  derivative,  Ca© 
H,5  (C2  H3  O)  O4  .  which  melts  between  165"  and  i70°,  and  a  mono- 
hydrazone,  C20  H,6  O3  (Nj  HCe  H5).  No  pyrazolone  could  be  obtained 
from  this,  and  phenanthroxylene-acetoacetic  ester  does  not  react  with 
phenylhydrazin.  With  bromin  the  iso  compound  gave  C20  H,5  Br  O4 . 
When  reduced  the  iso  compound  gave  CaoHjgOj,  which  is  also  pro- 
duced from  the  phenanthroxylene-acetoacetic  ester  by  means  of 
hydriodic  acid.  This  gave  a  phenylhydrazin  derivative,  C20  HieOj 
(NaHCsHj).  When  treated  with  hydriodic  acid  the  iso  compound 
gave  C17  Hia  O  ,  which  is  the  compound  to  which  Japp  and  Streatfield  * 
gave  the  formula  C14  Hi©  O  .  It  is  probably  a  ketone  containing  the 
carbonyl  group  in  a  penta-carbon  ring.  Treated  with  an  alkali  the  iso 
compound  gave  the  iso-phenanthroxylene-acetoacetic  acid,  CxsHu 
O4 ,  which  is  mono-basic.  The  action  of  acetic,  propionic,  sulfuric, 
alcoholic  hydrochloric  acids  and  of  alcoholic  potash  and  ammonia  on 
phenanthroxylene-acetoacetic  ester  was  determined  and  an  account 
given  of  the  experiments.  The  subject  requires  more  study  before  the 
composition  of  these  bodies  can  be  definitely  settled.  The  formula 
proposed  for  the  iso  compound  explains  some  reactions  but  leaves 
others  quite  unexplained. 


♦See  page  39. 


CLAISEN,  L.  AND  E.  HORI,  1891. 

Ber.  24,  139-140;  J.  Chem.  Soc.  60,  416. 
Action  of  Hydroxylamin  on  Acetoacetic  Aldehyde. 

By  this  action  a  compound  CgHijNjOj ,  was  produced  which 
crystallizes  in  white  needles,  melting  at  174  f  It  is  sparingly  soluble  in 
ether,  benzene  and  chloroform.  Other  compounds  which  were  expected 
from  this  reaction  were  not  obtained. 
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EMERY,  W.  0..  1891. 

Ber.  34,  282-286  ;  J.  Chem.  Soc.  60,  547. 
Action  of  ^-Bromopropionic  Ester  on  Acetoacetic  Ester. 

By  the  action  of  ^-bromopropionic  ester  on  sodacetoacetic  ester, 
CH, 
CO 
a-acetylglutaric  ester,  CH — CH^ — CHaCOaCaHj.  was  produced.     It 

COa  Cj  Hj 

boils  at  1 62*  at  11  m.  m.  pressure  and  has  a  specific  gravity  of  1.07 1  at 
2or  It  reacts  with  ammonia  and  with  amins,  yielding  amido-deri  vatives 
of  a-ethylidineglutaric  ester,  which  can  be  converted  into  lactams. 


HANTZSCH,  A.,  1891. 

Ber.  24,  495-506 ;  J.  Chem.  Soc.  60,  739. 

Action  of  Hydroxylamin  on  ^-Ketonic  Acids  and  ^-Diketones. 

By  the  action  of  hydroxylamin  on  acetoacetic  ester  in  alkaline  solu- 
tion and  subsequent  acidification  the  chief  product  is  methyl-isoxazol- 

^N  — O 
one,  CH,C  I     ,  which  melts  at  169°- 170'  and  is  a  base  towards 

'     -^CHa  CO 

strong  acids.  In  alkaline  solutions  it  is  partially  changed  into  oximido- 
butyric  acid,  CH3  C  :  (NOH)  CH,  CO,  H .  By  the  action  of  hydroxyl- 
amin on  acetoacetic  ester  in  neutral  or  acid  solution,  an  oil  is  obtained 
which,  on  being  hydrolyzed,  gives  a  crystalline  substance,  C20  H26  N4 
O7  ,  which  melts  at  140"  and  can  by  hydrolysis  be  changed  into  methyl- 
isoxazolone.  By  the  action  of  hydroxylamin  on  acetoacetic  ester  in 
ammoniacal  solution  an  unstable  product  was  obtained  which  may  be 

/  OH 
the  hydroxamic  acid  of  acetoacetic  acid,  CH3  CO  CH,  C>x  C^qtt. 
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COLLIE,  J.  NORMAN,  1891. 

J.  Chem.  Soc.  59.  172-179. 

Action  of  Heat  on  ^-Amidocrotonic  Ester. 

When  this  substance  is  distilled  a  small  amount  of  substance  is 
always  left  which  has  been  found  to  be  Cio  H13  NO3,  the  ethyl  ester  of 
an  acid,  Cs  H9  NO3,  which  is  dimethyl-pyridone-monocarboxylic  acid, 

NH 

CH3C      C-CH3 
II       II 
COa  HC      CH 

\     / 
C 

o 

The  ester,  Cio  H13  NO3,  melts  at  163*- 164*  and  boils  with  slight  decom- 
position at  240"  to  250!  It  does  not  form  a  compound  with  phenyl- 
hydrazin  or  hydroxylamin.  With  bromin  it  forms  Cio  H12  Br  NO3  ; 
with  PCI5  it  gives  Cxo  H,a  NO2  CI,  which  can  be  changed  into  chloro- 
lutidin  boiling  at  177'  to  iSof  The  acid  Cg  H,  NO3,  melts  at  257'-258' 
and  is  converted  into  a-o'-dimethyl-pyridone, 

NH 

/  \ 
CH3C      CCH3     . 

I         I 
HC      CH 

\  / 
CO 

This  was  also  prepared  fTX)m  dehydracetic  acid.  Phosphorus  penta- 
chlorid  acts  on  a-a'-dimethyl-pyridone  to  form  chlorolutidin  boiling  at 
1 78*- 179!  a-a'-Dimethyl-pyridin  or  lutidin  was  obtained  in  four  ways, 
(i)  by  the  action  of  nascent  hydrogen  on  chloroludidin  ;  only  a  little 
could  be  formed  in  this  way  ;  (2)  from  vapors  of  chlorolutidin  and  zinc 
dust  in  an  atmosphere  of  hydrogen  ;  (3)  from  chlorolutidin  made  from 
dehydracetic  acid  ;  (4)  from  the  potassium  salt  of  lutidone-mono. 
carboxylic  add  heated  with  an  excess  of  solid  potassium  hydroxid. 
By  oxidation  of  the  lutidin,  dipicolinic  acid,  C5  H3  N  (CO2  H)a,  was 
obtained. 
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COLLIE,  J.  NORMAN,  1891. 

J.  Chem.  Soc.  59f  179-189. 
Constitution  of  Dehydracetic  Acid. 

The  author,  having  studied  this  acid  and  its  reactions,  determines 
that  Feist*  did  not  present  the  correct  formula  for  it  and  proposes  the 
formula 


or  the  tautomeric  form 


CH3  COCH,  C-0-C=0 

II  I 

CHCO  •  CHa 


CH3C(0H):CHC-0- 


I 


=0 


CHC  (OH)  :  CH 

By  this  formula  he  thinks  that  all  of  its  reactions,  the  most  important 
ones  of  which  he  illustrates,  can  best  be  explained.     He  considers  it  as 

CH-O-CO 

built  up  on  the  nucleus  of  a-oxypyrone,   11  1      .      Its  forma- 

CH— CO— CHa 

tion  from  acetic  acid  is  illustrated  thus : — 


CH3C0 

OH    H 

CH,CO 

OH     H 

CH,CO 

OH    H 

and  then 

CH,  COC 

:h,c 

1 

:C] 

ttCOCH,( 

CO 

1 

• 

0 

H                 OH 

CHaCOOH 


STEUDE,  M.,  1891. 

Ann.  Chem.  a6i,  22-47  ;  J.  Chem.  Soc.  60,  742 

Thiazole  Derivatives  from  Bromacetoacetic  Ester. 

The  thiazole  derivatives  obtained  from  bromacetoacetic  ester  and 
thio-carbamid  and  thiacetamid  are  isomeric  with  those  obtained  if 
chloracetoacetic  ester  be  used,  but  those  obtained  both  ways  can  be 
converted  into  ^-amido-a-methyl-thiazole  or  a-^-dimethyl-thiazole  as 
the  case  may  be.  This  proves  that  bromacetoacetic  ester  has  the 
formula  CHaBrCOCHj  COa  R.     ^-Amido-thiazylacetic  ester, 


S 

I 


CH^ 


C(NH,):N' 


XCHaCO.CaHj 


^See  page  114. 
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obtained  from  bromacetoacetic  ester  and  thiocarbamid  melts  at  94  ,  the 
free  acid  melts  at  130!  Thiacetamidoacetic  ester,  CHa(SC  NHCH3) 
COCH2  COa  Ca  H5 ,  is  formed  besides  ^-methyl-thiazylacetic  ester  from 
bromacetoacetic  ester  and  thiacetamid  in  alcoholic  solution.  Methyl- 
thiazylacetic  ester, 

S CH 

I  >  CCHa  COa  R 

C(CH3):N 

boils  at  238"  to  240!  r-Thiacetoacetoacetic  ester,  CHa  (SCOCH3)  CO 
CHa  COa  R ,  results  when  thiacetamidacetoacetic  ester  hydrobromid  is 
warmed  with  water.  It  boils  at  155"  at  15  m.  m.  pressure  A  com- 
pound, probably  of  the  formula  COa  RCHa  C  ^^^^  ^^  CCHa  CO,  R  , 
was  also  described. 


PECHMANN*  H.  v.  AND  M.  DUNSCHMANN,  1891. 

Ann.  Chem.  a6i,  162-166 ;  J.  Chem.  Soc.  60,  672. 

Decomposition  of  Acetone-dlcarboxylic  Ester. 

When  acetone-dicarboxylic  ester,  COa  Ca  H5  CH,  COCHa  COa  Ca  H5  , 
is  changed  to  the  potassium  salt  and  then  boiled  with  water,  acetoacetic 
ester  is  produced  which  is  identified  by  being  treated  with  phenylhy- 
drazin  and  changed  into  methyl-phenylpyrazolone. 


JAEQER,  Jm  1891. 

Ann.  Chem.  ato,  365-372  ;  J.  Chem.  Soc.  60,  1007. 

Condensation  of  Quanidin  with  ^Ketonlc  Esters. 

Guanidin  carbonate  and  acetoacetic  ester  condense  to  form  imido- 
methyl-uracyl,  CH^pxprr  n  jq^jj  >  C  :  NH  ,  which  melts  with  decom- 
position at  270!  The  hydrochlorid,  nitrate  and  sulfate  were  described. 
Dibromohydroxyimidomethyl-uracyl,  NH  <coc?Br!)^^  CCH3OH  , 

is  formed  together  with  bromimidomethyfuracyl,  C5H6BrN30,  when 
imidomethyl-uracyl  is  heated  with  bromin  ;  it  melts  at  160.'    When 
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imidomethyluracyl  is  heated  with  an  excess  of  methyl  iodid  a  com- 
pound, (C5  He  N3O  CHj),  HI  y  is  obtained,  which  melts  at  212''  and  can 
be  converted  into  methyl-imidomethyl-uracyl,  C5  He  N3  OCH3 ,  which 
melts  at  312!  Imidodimethyluracyl  formed  from  guanidin  carbonate 
and  methyl-acetoacetic  ester  melts  at  320",  and  imido-phenyl-uracyl 
formed  from  guanidin  carbonate  and  benzoylacetic  ester  melts  at  294! 


BREDT,  J.,  1891. 

Ber.  34,  603-605;  J.  Chem.  Soc.  60,  712. 

Action  of  5odacetoacetic  Ester  on  Benzalmalonic  Ester. 

By  this  reaction  in  alcoholic  solution  at  o  a  crystalline  sodium 
compound  is  formed  which  when  decomposed  by  an  acid  gives  a 
compound  C18  H30  Oe  ,  which  is  sparingly  soluble  in  water  and  melts 
with  decomposition  at  155! 


OTTO,  R.  AND  A.  ROSSINQ,  1891. 

Ber.  ^4,  685-687;  J.  Chem.  Soc.  60,  712. 

Action  of  Sodium  Phenyl mercaptid  on  Chloracetoacetic  Ester. 

When  equivalent  quantities  of  these  substances  are  made  to  react  in 
alcoholic  solutions,  an  oil  is  obtained,  which  will  not  crystallize  and 
•has  but  a  feeble  odor.  It  appears  to  be  thiophenylacetoacetic  ester, 
CH3  COCH  (SCfi  H5  )  COa  Ca  H5 . 


BIQINELLI,  P.,  1891. 

Ber.  24,  1 31 7-1 319;  J.  Chem.  Soc.  60,  908. 
Aldehydeuramids  of  Acetoacetic  Ester.    Part  1. 

Molecular  proportions  of  acetoacetic  ester,  benzaldehyde  and  carb- 
amid  are  allowed  to  react  and  a  crystalline  compound  melting  at  207  - 
208   is  obtained.     It  is  either 

CH3  CH3 

C  :  N  •  CO— N  :  CHQHe  or  C— NH  •  CO  •  N  :  CHCeHj 

I  *  II 

CH,  CH 

COaCaHj  COaCaHs 
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but  probably  is  the  latter.  The  same  substance  can  be  formed  from 
uramidocrotonic  ester  and  benzaldehyde.  It  is  very  stable  as  it  is  not 
affected  by  strong  acids  or  alkalis  in  the  cold.  Heating  it  with 
potassium  hydroxid  gives  benzyl  alcohol,  benzaldehyde,  ammonia  and 
potassium  carbonate,  besides  an  unknown  solid  substance.  Salicylal- 
dehyde,  dnnamaldehyde,  furfuraldehyde,  cumaldehyde  and  others 
react  similarly. 


BEYER,  Ct  1891- 

Ber  a4f  1662-1670;  J.  Chem.  Soc.  60,  1090. 
Haiitzsch*8  Pyridin  Synthesis, 

The  author  believes  that  in  these  reactions  acetoacetic  ester  and 
aldehyde  first  react  to  form  ethylidin-acetoacetic  ester, 

CH3 

CO3RC 

CH3  CO 

and  that  this  then  unites  with  acetoacetic  ester  to  form  ethylidin- 
diacetoacetic  ester, 

CH, 


i. 


/  \ 

CO,RC     CHCX),R 

HI       I 
CH3COOCCH3 

which  unites  with  ammonia  to  form  dihydrocollidin-dicarboxylic  ester, 

CHj 

I 
CH 

/\ 
CO,R.  C    CCO,R. 
I     I 
CHjC    C-CHj 

\/ 

N 

I 
H 
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Ethylidinacetoacetic  ester  and  paramido-acetoacetic  ester  were  mixed 
in  molecular  proportions  and  united  to  form  dihydrocoUidin-dicarboxy- 
lic  ester.  Several  other  experiments  were  performed  and  several 
pyridin  derivatives  made  and  described.  They  all  agreed  with  these 
reactions. 


FREER,  P.  Cm  1891. 

Am.  Chem.  J.  13.  308-322;  J.  Chem.  Soc.  60,  1181. 

Constitution  of  Aliphatic  Ketones  and  the  Action  of  Sodium  on 

Acetone. 

The  constitution  of  acetoacetic  ester  is  discussed  at  length  and 
mention  is  made  of  the  work  done  by  different  chemists  upon  it. 
Acetic  ester  dried  over  calcium  chlorid  and  by  being  boiled  over 
phosphorus  pentoxid  is  found  to  react  with  sodium  readily  which 
inclines  the  author  to  believe  in  the  intermediate  sodacetic  ester.  A 
comparison  of  the  properties  and  reactions  of  tetric  acid  and  acetoacetic 
ester  seems  to  show  that  the  former  contains  a  hydroxyl  group  and  the 
latter  does  not.  In  the  sodium  derivative  the  author  believes  the  sodium 
is  joined  to  the  oxygen,  therefore  that  its  constitution  is  different  from 
that  of  acetoacetic  ester  itself.  This  is  shown  by  the  fact  that  sodaceto- 
acetic  ester  will  form  addition  products  with  unsaturated  compounds 
like  cinnamic  ester  while  the  acetoacetic  ester  itself  will  not. 


FREER,  PAUL  C.  AND  GEO.  O.  HIQLEY,  1891. 

Am.  Chem.  J.  I3»  322-326;  J.  Chem.  Soc.  60,  1182. 

Action  of  ChIorcarlM>nic  Ester  on  Acetone  Sodium. 

By  this  action  a  colorless  oil  boiling  at  about  125"  was  obtained  which 
appears  to  be  an  isomer  of  acetoacetic  ester.  It  is  insoluble  in  water, 
miscible  with  alcohol  and  ether  and  does  not  react  with  phenyl  hydrazin 
or  ferric  chlorid.  On  bbiling  with  hydro  chloric  acid  it  is  decomposed 
into  carbon  dioxid,  alcohol  and  acetone.     The  authors  suggest  for  it 

the  formula  qh' /  C-O-COa  C^  H5  . 
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WALDEN,  P.,  1891. 

Ber.  34,  2025-2039;  J.  Chem.  Soc.  60,  1187. 

Tetric  and  Oxytetric  Acids  and  their  Homologues. 

Experiments  were  performed  attempting  to  determine  whether  tetric 
acid  and  its  homologues  contain  the  carboxylic  group  but  no  definite 
conclusions  were  reached.  Oxytetric  acid  and  its, homologues  were 
shown  to  be  alkyl  substituted  fumaric  acids,  thus  oxytetric  is  mesaconic 
or  methyl  fumaric,  oxypentic  is  ethyl  fumaric.  etc.  The  acids  described 
by  Demarcay  as  hydroxytetric,  etc.,  are  identical  with  alkyl  succinic 
acids,  hydroxytetric  is  methyl  succinic  and  hydroxypentic  is  ethyl 
succinic,  etc.  The  acids  are  all  obtained  from  the  bromated  alkyl  aceto- 
acetic  esters. 


SPRAQUE,  CHARLES  T.,  1891. 

J.  Chem.  Soc.  59t  329-343- 
Thiacetoacetic  Ester. 

This  substance  was  produced  and  after  carefully  determining  the 

melting  point  it  was  found  to  be  between  75*  and  78."    By  the  action  of 

phenylhydrazin  four  bodies  were  produced,: — (i)  thiophenyl-methyl- 

pyrazolone ;    (2)  Knorr's  phenylmethyl-pyrazolone-azobenzene  ;  (3)  a 

substance,  C,oH9*N2 SO;   (4)  Knorr's  bisphenyl-methyl-pyrazolone. 

The  first  one  is 

NC6H5  NC6H5 

/\  /    \ 

N     CO  OC       N 

II      I                  I         II 
CH3  C-CH-S-HC CCH3 

it  is  a  weak  base,  dissolves  in  alkalis  and  weak  acids  reprecipitate  it. 
If  it  be  heated  with  phenylhydrazin  the  other  three  above  mentioned 
compounds  are  produced.  To  the  third  product  the  author  gave  the 
formula  C,o  Hg*  Na  SO,  but  states  that  Holtzcka  has  since  proven  it  to 
be  bisulphid  of  phenylmethyl  pyrazolone  (Cio  H9  Na  0)a  Sa.  A  method 
was  given  for  preparing  a  good  yield  of  each  one  of  the  four  products. 


*  A  disagreement,  do  Hs  Na  SO  is  probably  correct 
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COLLIE,  J.   NORMAN,   1891. 

J.  Chem.  Soc.  59*  617-621. 
Some  Reactions  of  Dehydracetic  Acid. 

In  the  preparation  of  dehydracetic  acid  by  passing  acetoacetic  ester 
through  a  red-hot  iron  tube,  there  were  formed,  besides  the  dehydra- 
cetic acid,  acetone,  alcohol,  carbon  dioxid,  ethylene  and  a  residue. 
Acetoacetic  methyl  ester  similarly  treated  gave  large  quantities  of 
dehydracetic  acid,  but  ethylacetoacetic  ester  gave  none  at  all.  De- 
hydracetic acid  is  slightly  decomposed  by  water  into  carbon  dioxid  and 
dimethylpyrone.  When  boiled  with  hydrochloric  acid  it  is  totally 
decomposed  into  carbon  dioxid  and  a  compound,  C7H11O3CI,  which 
melts  at  83  -85  and  is  acid  in  water  solution.  Barium  and  copper 
salts  of  dehydracetic  add  were  prepared,  the  former  corresponded  most 
nearly  with  (C8H905)aBa  and  was  considered  to  be  the  salt  of 
tetracetic  acid,  CHjCOCHa  COCHaCOCHaCOaH;  and  the  latter 
corresponded  to  C34  Has  O9  ^3  C^»  being  formed  by  ammonia  and  copper 
acetate.     Hydrocyanic  acid  has  no  action  on  dehydracetic  add. 


BIQINELLI,  P.,  1891. 

Ber.  24,  2962-2967;  J.  Chem.  Soc.  6a,  56. 
Aidehydeuramida  of  Acetoacetic  Ester.    Part  11. 

In  the  continuation  of  the  subject  it  is  found  that  two  isomers,  cor- 
responding to  the  two  formulae  given  in  the  first  article  on  this  subject,^ 
are  always  produced.     The  compounds 

CH3 

C,4  H«6  Na  O4  ;-C  :  N.  CO.  N.  CH  Ce  H4  OH 

CHa 
COaCaHs 

CH3 

and  C-NH-CO-N— CH— C6  H4  OH 
II 
CH 

COaCaHs 

formed  from  carbamid,  salicylaldehyde  and  acetoacetic  ester,  and  the 
similar  compounds,  CiyHaaNjOj,  formed  from  cumaldehyde,  C6H4 
(C3  H7)  COH,  carbamid  and  acetoacetic  ester  ;  C16  His  NaOa ,  obtained 
by  using  cinnamaldehyde,  and  CxaHi4Na04,  obtained  by  using 
furfural  dehyde,  are  produced  and  described. 

*  See  page  130. 
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CONRAD,  M.  AND  L.  LIMPACH,  1891. 

Ber.  34,  2990-2992,  J.  Chem.   Soc.  6a,  78. 

Synthesis  of  Quinolin  Derivatives  by  means  of  Allcyl  Acetoacetic 

Esters. 

Methyl-acetoacetic  methyl  ester  and  anilin,  when  mixed  and  allowed 
to  stand,  form  phenyl-amido-methyl-crotonic  methyl  ester.  By  quickly 
heating  this,  it  is  changed  into  dimethyl-bydroxyquinolin,  C9NH4 
(CHj),  OH ,  [(CH3)a :  OH  =  2':  3':  4'].  Methyl-ethyl-hydroxy-quin- 
olin  is  produced  similarly  from  phenyl-amido-ethyl-crotonic  methyl 
ester. 


NEF,  J.  Um  1891. 

Ann.  Chem.  a66,  52-138;  J.  Chem.  Soc.  62,  140. 

Acetoacetic  Ester. 

A  large  number  of  experiments  are  performed  relative  to  determining 
the  constitution  of  acetoacetic  ester  and  the  position  of  the  sodium  in 
the  sodium  derivative,  and  the  conclusions  drawn  are  that  acetoacetic 
ester  is  not  a  ketone  but  is  represented  by  CH3  COH  :  CHCO,  Ca  H5 
and  that  in  the  sodium  derivative  the  sodium  is  joined  to  oxygen.  If 
by  heating  the  sodacetoacetic  ester  with  an  alkyl  halogen  the  alkyl  is 
substituted  for  the  sodium,  the  reaction  should  be  more  energetic  if  the 
heavier  metals,  such  as  copper  or  lead,  be  in  the  acetoacetic  ester  in 
place  of  sodium,  but  solutions  of  the  copper  or  lead  derivatives  of  aceto- 
acetic ester  do  not  react  with  ethyl  iodid  at  ordinary  temperatures — 
which  proves  that  no  direct  substitution  of  the  metal  takes  place.  The 
author  supposes  an  intermediate  addition  product  to  be  formed  with 
an  alkyl  iodid,  for  example,  with  benzylchlorid,  CH3  CONaClCH 
(CHa  C6  H5)  COa  R  is  first  formed  and  then  HCl  splits  off  leaving 
CHjCQNa  :  C  (CHaCsHj)  CO^R  and  by  continued  action  CHjCONaClC 
(CHa  C6  H5)a  COa  R  and  then  CH3  COC  (CH,  Ce  11^)^  COa  R  are  formed. 
As  proof  of  the  existence  of  hydroxyl  in  acetoacetic  ester  its  acid 
properties  and  its  behavior  towards  phenyl  hydrazin,  ammonia  and 
the  amids  are  mentioned,  also  the  fact  that  acetoacetic  ester  and 
its  mono-alkyl  derivatives  are  not  reduced  by  treatment  with  sodium 
in  ethereal  solution  while  the  diethyl  derivative  is  converted  into 
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diethyl-hydroxybutyric  ester.  The  substitution  of  the  ct-hydrogen 
atom  affects  the  compound  according  to  the  character  of  the 
substituted  group,  making  it  more  alcoholic  or  more  acidic  as  that 
group  is  more  or  less  positive  than  hydrogen.  By  the  action  of  phenyl- 
hydrazin  on  acetoacetic  ester  phenyl-^-hydrazo-crotonic  ester,  CH3  C 
(Na  Ha  C6  H5)  :  CHCOa  R,  melting  at  50  is  formed  and  by  heating  this 
with  mercuric  oxid  phenyl-^-azocrotonic  ester,  CH3C  (NaC6H5): 
CHCOaR,  melting  at  si?  is  obtained.  The  product  obtained  by  the 
action  of  bromin  on  acetoacetic  is  a  mixture  of  the  a  and  the  x  brom- 
derivatives.  a-Brom-methyl-acetoacetic  ester,  C7  Hn  Br03,  boiling  at 
107*  at  30  ni.ni.  pressure,  is  obtained  by  treating  sodmethyl-acetoacetic 
ester  or  methyl-acetoacetic  ester  with  bromin.  When  this  is  heated 
in  a  sealed  tube  tetric  acid  is  formed  for  which  the  author  gives  the 
formula 

CHa  :  C  (OH)  CCH3<2^^>  CCH3C  (OH)  :  CHa 

a-Bromethylacetoacetic  ester,  Cg  H13  Br  O3  ,  is  prepared  similarly  and  is 
described.  Dibenzoyl-acetoacetic  ester,  Cao  H,8  O5  ,  and  triacetylacetic 
ester,  CH3  CO  C  (CH3  CO),  COa  R.  and  acetylcarbintricarboxylic  ester, 
CH3  CO  C  (COa  R)2  COa  R ,  are  also  described.  A  large  number  of 
pyrazolone  derivatives  are  prepared  and  studied,  and  the  author  decides 
that  their  acid  properties  are  due  to  the  presence  of  an  imido  group. 
The  formula  for  phenylmethyl-pyrazolone  he  g^ves  as 


C  (CH3)-NH 

II 

CH— CO 


NC6H5 


PECHMANN,  H.  v.,  1891. 

Ber.  34,  3600;  J.  Chem.  Soc.  6a,  296. 
Preparation  of  Dehydracetic  Acid. 

By  treating  acetondicarboxylic  acid  with  acetic  anhydrid,  a  substance 
either  isomeric  or  identical  with  the  carboxylic  acid  of  dehydracetic 
acid  is  produced.  This  may  be  easily  changed  into  dehydracetic  add 
by  dissolving  in  soda,  evaporating  to  dryness  and  precipitating  the 
aqueous  solutic»n  with  acetic  acid. 
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Amid(M:rotonic  esters,  92,  122,  127. 

Amido-cyan-acetoacetic  ester,  104. 

Amido-ethyl-acetoacetic  ester,  92. 
^Amido-a-methyl-thiazole,  128. 

Amido-methyl    thiazole    carboxylic 
ester,  109. 
o-Amido-phenol,  46. 

Amido-thiazyl-acetic  ester,  120. 
/<-Amido-thiazyl-acetic  ester,  128. 

Amido-uracyl  salts,  66. 

Angelic  acid,  9. 

Anil-acetoacetic  ester,  90. 

Anilin-acetoacetic  acid,  48. 

Anilin,  48,  69,  82,  97,  106,  135. 

Antip3rrin,  61,  86. 

Azo-acetoacetic  benzoic  acid,  68. 

Azo-benzene-acetoacetic  acid,  24. 

Azo-compounds,  99,  loi. 

Azo-phenyl-acetoacetic  acid,  17. 
^Azo-toluol-acetoacetic  acid,  24. 

Benzal-acetoacetic  ester,  7,  12,  20,  99. 

Benzal-aceto-diethyl-acetic  ester,  40. 

Benzal-aceto-ethyl-acetic  ester,  40. 

Benzaldehyde,  131. 

Benzal-malonic  ester,  130. 

Benzamidin,  62. 

Benzanilid'imido  chlorid,  64. 

Benzene-azo-acetoacetic  ester,  60. 

Benzene-azo-acetone,  60. 

Benzene-o-azo-propionic  acid,  93. 

Benzene>a-azo-propionic  ester,  92. 

Benzene-hydrazo-propionic  acid,  93. 

Benzenyl-aceto-ethenyl-azoxim,  112. 

Benzenyl-amidoxim,  112. 

Benzenyl-ethenyl-azoxim,  112. 

Benzo-auinone,  88. 

Benzoyl -acetoacetic  ester,  11, 53, 119. 

Beuzoyl-tetramethylene,  44. 

Benzoyl  -  tetramethylene  -  carboxylic 
ester,  44. 

Benzoyl-trimethylene,  47. 

Benzoyl-trimethylene-carboxylic    es- 
ter, 47. 

Benzyl -acetoacetic  acid,  37. 

Benzyl-aceto-succinic  ester,  20. 

Benzylidin-collidin-dicarboxylic    es- 
ter, 73. 

Benzylidin-diacetoacetic  ester,  71. 

Benzylidin-dihydro  -  collidin  -  dicarb- 
oxylic  ester,  73. 
a-Benzyl-/?-oxybutyric  acid,  12. 
•  Bis-phenyl-methyl-methylene   pyra- 
zolone, 114. 

Bis-phenyl-methyl  pprrazolone,  133. 

Brom-acetoacetic  anilid,  82. 

Brom-acetoacetic  ester,  11,  27,  41,  44, 
97,  III,  120,  128,  133. 

Brom-acetone,  57. 


Brom-aceto-phenoti,  50. 

Brom-butyl-methyl  ketone,  84. 

Brom-chlor-acetoacetic  esters,  97. 

Brom-dehydracetic  acid,  10,  60. 

Brom-ethyl-acetoacetic  ester,  45, 136. 
(.>-Brom-ethyl-acetoacetic  ester,  85. 
o-Brom-ethyl-methyl-acetic  acid,  28. 
a-Brom-methyl-acetoacetic  ester,  136.  ' 

Brom-imido-methyl-uracyl,  134. 

Bromin  addition  product,  11,  37,  38, 
41. 

Bromo-maleic  acid,  24. 
^-Brom-propionic  ester,  126. 

Butaldehyde,  loi. 

Butyl-acetoacetic  ester,  6. 

Butyl  nitrous  acid,  42. 

Butyrolactone,  55. 


Capric  acid,  28. 

Carbacetoacetic  ester,  35,  45,  52,  84. 
Carbamid,  53,  63,  119,  130,  134. 
Carbanilid,  90. 

Carbethoxacetoacetic  ester,  99. 
Carbo-cinchomeronic  acid,  7a 
Carbo-pyrotritartaric  acid,  23, 74, 103, 

107. 
Carbostyril,  49. 
Carboxylic  ester  of  acetoacetic  ester, 

102. 
Carbuvi tic  acid,  107. 
Caroxethyl-mesiten  lactam,  122. 
Chelidonic  acid,  65. 
Chlor-acetic  ester,  19. 
Cblor-acetoacetic  ester,  11, 19,  25,  50, 

70,  87,  97,  105,  109,  III,  120,  128, 

130- 
y-Chlor-acetoacetic  ester,  105. 
Chlor-acetone,  38,  57. 
Chlor-carbonic  ester,  7,  96,  99,  102, 

132. 
Chlor-crotonic  esters,  15. 
/3-Chlor-crotonic  esters,  123. 
Chlor-dehydracetic  acid,  10. 
Chlor-dimethyl-quinolin,  97. 
Chlor-metal  derivatives  of  acetoacetic 

ester,  25. 
Chlor-nitroso-acetic  ester,  33. 
Chloro-lepidin,  82. 
Chloro-lutidin,  127. 
Chlor-tetracrylic  acid,  6. 
Cinchomeronic  acid,  70. 
Cinnamaldehyde,  73,  106,  131,  134. 
Cinnamic  ester,  87. 
Citraconic  ester,  87. 
Collidin-dicarboxylic  ester,  30. 
Collidin-dicarboxylic  methyl    ester, 

46. 
Combining  energy  of  halogens  with 

organic  residues,  32. 
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CoiKlensation  of  acetoacetic  esters, 
29»  30.  34,  40,  42,  43,  46,  51,  66, 
69,  70,  73,  78,  96,  100,  102,  107, 
119,  121,  123,  129. 

Constitution    of  acetoacetic  ester, 
47.  ?o,  96,  100,  132,  135. 

Coumanns,  46,  88. 
/-Cresol,  47- 

Cumaldeh^^de,  131,  134. 
V^Cumyl-antipyrin,  67. 

Cyan-acetic  ester,  95. 

Cyan-acetic  methyl  ester,  95. 

Cyan-acetoacetic  acid,  105. 

Cyan-acetoacetic  ester,  36,  56,  72,  87, 

89,  9^  95.  104,  105. 
> -Cyan-acetoacetic  ester,  118. 

Cyan-acetoacetic  methyl  ester,95. 
X-Cyan-acetoacetic  methyl  ester,  1 18. 

Cyan -acetone,  38,  76. 

Cyan-amid,  88. 
/:^Cyan-/3-anilido-butyric  ester,  69. 

Cyan-hydrin  of  acetoacetic  ester,  69. 

Cyanic  acid,  88. 
o-Cyanobenzyl-acetic  ester,  iii. 
o-Cyano-hydro-cinnamic  ester,  in. 
/i-Cyan-/i-oxybutyric  ester,  69. 


Decomposition  of  acetoacetic  ester, 

2,  18,  29,  45. 
Decomposition  of  acetoacetic  methyl 

ester,  3. 
Decomposition  of  dehydracetic  acid, 

8. 
Dehydracet-anilid,  10. 
Dehydracetic  acid,  2,  4,  8,  9,  60,  64, 

65,  88,  109,  114.  127,  134,  136. 
Dehydracetic  ester,  10. 
Dehydracetic  methyl  ester,  64,  88. 
Dehydraceto-phenon-acetone,  63. 
Dehydraceto-phenylhydrazin,  60. 
Dehydracetoxim,  60. 
Dehydro-benzylidin-di-acetoacetic 

ester,  71. 
Dehydro-carbonyl-diacetoacetic  es- 
ter, 86. 
Dehydro  -  diacetyl  -  acetone  -  dicar- 

boxylic  ester,  75. 
Dextrose,  106. 
Diaceto-fumaric  ester,  in. 
Diaceto-succinic  ester,  6,  23,  in. 
Diacetyl,  98. 
Diacetyl-acetic  ester,  43. 
Diacetyl-acetoacetic  ester,  65. 
o-<.»-Diacetyl-adipic  ester,  84,  1 14. 
a-(i^Diacetyl-a-(.>-diethyl-pentane,  113. 
«-«-Diacetyl  -^-t^  diethyl  -pimelic  ester, 

"3. 
o-u-Diacetyl-caproic  ester,  107. 

Diacctyl-ethyl-acetyl-acetic  ester,  56. 


a-c^Diacetyl-pentane^  106. 
Di-allyl-acetic  acid,  17. 
Di-allyl-acetic  ester,  27, 
Di-allyl-acetoacetic  ester,  17,  27. 
Di-allyl-acetone,  17. 
Diazo-compounds,  68. 
Di-benzoyl-acetoacetic     ester,     119, 

136. 
Dibenzyl  acetoacetic  ester,  7,  12. 
Dibrom-acetoacetic  dibromid,  11,37, 

38. 
Dibrom-acetoacetic  ester,  44,  in. 
Dibrom-cyan-acetoacetic  ester,  105. 
Dibrom-hydroxy-imido-methyl  ura- 

cyl,  129. 
Dibrom  -  methyl  -  acetoacetic     ester, 

117. 
Dibrom-succinic  acid,  24. 
Dibutyl-acetoacetic  ester,  6. 
Dicarboxylic  ester  of  acetoacetic  es- 
ter, 102. 
Dichlor-acetic  ester,  n. 
Dichlor-acetoacetic  amyl  ester,  n. 
Dichlor-acetoacetic  ester,  7,  11,  19, 

25.  39.  87,  95,  97.  109,  III. 
Dichlor-acetone,  7,  n,  95. 
Di-o-cyano-  benzyl-acetoacetic  ester, 

in. 
Diethyl-acetic  acid,  16. 
Diethyl -acetoacetic  acid,  42. 
Diethyl-acetoacetic  ester,  2,  6,  10, 16, 

42,  76,  92,  115,  136. 
Diethyl-acetone,  2,  43. 
Diethyl-amin,  66. 
Diethyl-chlor-acetoacetic  ester,  76. 
Diethyl-dichlor-acetoacetic  ester,  76. 
Diethyl-hydroxy but3rric  ester,  136. 
Diethyl-/5-oxybutyric  acid,  16. 
Diethyl-syl  vane-carboxy-  acetoacetic 

ester,  100. 
Diheptyl-acetic  acid,  26. 
Diheptyl-acetoacetic  ester,  26. 
Diheptyl-acetone,  26. 
Dihydro-coUidin-dicarboxylic  ester, 

34,  55,  131- 
Dihydro-collidin-dicarboxylic    me- 

tiivl  ester,  46. 
Dihyoro  -  collidin  -  mono  -  carboxylic 

methyl  ester,  46. 
o-Diketones,  98. 

Dimethoxy-diethyl-acetoacetic  ester, 

76. 
Dimethoxy-diethyl-acetone,  76. 
Dimethyl-acetoacetic  acid,  37. 
Dimethyl-acetoacetic  ester,  3,  47,  72, 

86. 
Dimethyl-acetone,  3. 
«-/?-Dimethyl-aceto-succinic  ester,  22. 
Dimethyl-carbostyril,  97. 
Dimethyl-chlor-crotonic  ester,  J  6. 
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Ditnethyl-dicoumaric  add,  91. 
Dimethyl-dicoumarin,  9T. 
Dimethyl-hydroxy-pyridin,  72. 
Dimethyl-hydroxy-quinolin,  135. 
Dimethyl-keto-pentane,  108. 
Dimethyl-oxyquinizin,  61. 
2''-3'-Diniethyl-oxyquinizin,  61. 
rt-«^-Dimethyl-pyridin,  73,  127. 
a-a'-Dimethyl-pyridone,  127. 

Dimethyl-pyridone-mono-carboxy- 

lic  acid,  127. 
Dimethyl-pyrone,  no,  134. 
rt-rt-Dimethyl-pyrone-carboxylic  acid, 

115- 

Dimethyl-pyrone-dicarboxylic  es- 
ter. 86. 

Dimethyl-pyrrol,  83. 

Dimethyl-pyrrol-dicarboxylicacid, 

83. 
Dimethyl-pyrrol-dicarboxylic 

mono-ester,  83. 
Dimethyl-pyrrol  -  monocarboxylic 

acid,  83. 
Dimethyl-quinolins,  97. 
Dimetliyl-succiiiic  acid,  22. 
a-^-Dimethyl-thiazole,  128. 
«-/^-Dimethyl-umbelliferone,  47. 

Dinitro-brom-benzene,  50. 
t-/-Dinitro-phenyl -acetic  acid,  50. 
Dinitro-phenyl-acetoacetic  ester,  50 
Dinitro-toluol,  50. 
Dioctyl-acetic  acid,  28. 
Dioctyl-acetoacetic  ester,  28. 
Dioctyl-acetone,  28. 
Diphenyl-carbamid,  9,  82. 
Diphenylhydrazin    derivatives    of 

diacetyl,  98. 
Diphenylhydrazin    derivatives    of 

diacetyl  adipic  ester,  1 14. 
Diphenyl-methyl-pyrazolone,  86. 
,^-Diphenyl-sulfone-butyric  ester, 

123. 
Dipicolinic  acid,  1 27. 
Dipropyl-acetic  acid,  32. 
Dipropyl-acetoacetic  ester,  31. 
Dipropyl-acetone,  32. 
/^-Dithio-phenyl-butyric     ester,     80, 

123. 
Di  (trinitrophenyl)  acetoacetic  es- 
ter, 121. 

Ethenyl-toluylene-diamin,  25,   85. 
Ethoxy-aceti'c  ester,  18. 
Ethoxy-acetvl-ethoxy-acetic  ester, 

18. 
Ethoxy-ethyl-acetoacetic  ester,  78. 
Ethoxy-ethyl-acetone,  79. 
Ethoxy-lepidin,  82. 
Ethoxy-lutidin,  79. 
Ethoxy-methvl-acetoacetic     ester, 

78. 


Ethoxy-methyl-acetone,  79. 

Ethyl  acetate  of  sodium,  5. 

Ethyl-acetic  acid,  4. 

Ethyl-acetoacet-amid,  93,  115. 

Ethyl-acetoacetic  acid,  98. 

Ethyl-acetoacetic  amyl  ester,  10,  11. 

Ethyl-acetoacetic  ester,  i,  2,  3,  6,  7, 
43.  53»  56,  62,  78,  93,  98,  105,  1 16, 
123.  134. 

Ethyl-acetoacetic  methyl  ester,  3,  92, 
115. 

Ethyl-acetone,  3. 
a-Ethyl-/i-aceto-propionic  acid,  31. 
a-Ethyl-aceto-succinic  ester,  7,  22,  31. 
/3-Ethyl-aceto-succinic  ester,  7,  31,  38. 

Ethyl-amido-crotonic  methyl  ester, 
115- 

Ethylamin,  104. 

Ethyl-benzyl-acetoacetic  ester,  20. 

Ethyl-butyral,  4. 

Ethyl-chlor-acetoacetic  amyl  ester,  11. 

Ethyl-chlor-acetoacetic  ester,  11,  78. 

Ethyl-chlor-crotonic  acid,  78. 

Ethyl-chlor-crotonic  ester,  16. 
«-Ethyl-crotonic  acid,  7,  13. 

Ethyl-cyan-acetoacetic  ester,  56,  105. 

Ethyl-diacetyl-acetic  ester,  43,  56. 

Ethyl-dichlor-acetoacetic  ester,  78. 
a-Ethyl-/^diethyl-sulfone-butyric  ester, 

123. 
a-Ethyl-/i-diphenyl-sulfone-but3rric    es- 
ter, 123. 
fl-Ethyl-/^dithiophenyl    butyric    ester, 
123. 

Ethylene  bromid  47,  84,  89,  114. 

Ethylene-diamin,  80,  106. 

Ethylene-phenylhydrazin,  113. 

Ethyl-fumaric  acid,  133. 

Ethylidin-acetoacetic  ester,  131. 

Ethylidin-diacetoacetic  ester,  131. 

Eth>lidin-glutaric  ester,  126. 

Ethyl-ketolactouic  acid,  38. 

Ethyl-mercaptan,  123. 

Ethyl-methyl-acetic  ester,  7. 

Ethyl-methyl-acetoacetic  ester,  7,  28, 

49.  53- 
Ethyl-methyl-hydroxy-pyrimidin,  72. 
Ethyl-methyl-ketone,  28. 
Ethyl-methyl-oxyacetic  acid,  28, 
a- Ethyl-/^oxy butyric  acid,  7,  13. 
Ethyl-phenyl-carbamate,  78. 
Ethyl-sodacetoacetic     ester    hydrate. 

56. 
Ethyl -succinic  acid,  22,  31,  133. 
Ethyl-succino-succinic  acid,  45. 

Kormamid,  55,  79.  ' 

Formamidin,  72. 
Furfuraldehyde,  131,  134. 
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Glutaric  acid,  20, 
Glycolic  acid,  45. 
Glyoxal,  100. 
Guanidin,  78,  88,  129. 

Heptic  acid,  27. 
Heptyl-acetic  acid,  26. 
Heptyl-acetoacetic  ester,  26. 
Heptyl-acetone,  26. 
Hexa-methylenetetramin,  99. 
Hexenic  acid,  16. 
Hexic  acid,  16,  27. 
Hexyl-lutidin,  loi. 

Hexyl-lutidiu-hydro-dicarboxylic  es- 
ter, lOI. 
Homomesaconic  acid,  52.  121. 
Hydrazin  hydrate,  105. 
Hydrazobenzene,  76,  80. 
o-Hydrindone,  iii. 
Hydrogen  methronic  ester,  107. 
Hydrogen    methyl    methronic  ester, 

Hydro-isobutyl  -  lutidin-dicarboxylic 

ester,  74. 
Hydro-isopropyl-lutidin-dicarboxylic 

ester,  73. 
Hydro-lutidin-dicarboxylic  ester,  99. 
Hydro-parvolin-dicarboxylic  ester,  73. 
Hydro-pyridin  derivatives,  70. 
Hydroquinone,  40,  48. 
Hydro-tridecy  1- lutidi  n  -  dicarboxy  lie 

ester,  no. 
Hydroxamic  acid  of  acetoacetic  acid, 

126. 
Hydroxylamin,  39, 51,  60,  94,  125,  126. 
Hydroxyl-deh^dracetic  acid,  60. 
Hydroxylepidm,  82. 
Hydroxy  -  lutidin  -  monocarboxylic 

acid,  54. 
Hydroxy -pen  tic  acid,  133. 
}-Hydroxy-quinaldin,  90. 
Hydroxy-tetric  acid,  117,  118,  133. 
Hydroxy-tetric  diethyl  ester,  118. 
Hydroxy-tetric  ester,  1 17. 
Hydroxyxanthin,  66. 
Hypo-acetous  acid,  i. 

Imido-benzoic  ester,  124. 

Imido-dimethyl-uracyl,  129. 

Imido-niethyl-uracyl,  129. 

Iniido-phenyl-uracyl,  130. 

lodacetoacetic  ester,  iii. 

Isoamyl-acetoacet-amid,  93,  115. 
«-l9oamyl-.^-amido-crotonic  ester,  115. 

Isobutyl-acetic  acid,  15. 

Isobutyl-acetoacet-amid,  93,  115. 

Isobutyl-acetoacetic  ester,  9,  15. 

Isobutyl -acetone,  6,  15. 

Isobutyl -aldehyde,  73. 
«-Isobiityl- ^amido-crotonic  ester,   115. 


Isobutyl-lutidin,  74. 
Isodehydracetic  acid,  51,  84,  115,  121. 
Isodehydracetic  lactam,  122. 
Isodehydracetic  methyl  ester,  121. 
Isohexic  acid,  27. 
Isonitroso-acetoacetic  anilid,  82. 
Isonitroso  bodies,  51. 
/i-Isonitroso-butyric  ester,  51. 

Isonitroso-diethyl-acetoacetic  ester, 

51. 
Isonitroso-ethyl-acetoacetic  ester,  51. 
Isonitroso-methyl-acetoacetic  ester, 

Isonitroso-tetra-methyl-oxyquinizin, 
67. 

Isophenanthroxylene-acetoacetic  es- 
ter, 125. 

Isopropyl-acetoacetic  ester,  4,  8. 

Isopropyl-acetone,  4. 

Isopropyl-chlor-crotonic  ester,  16. 

Isopropyl-succinic  acid,  50. 

Isostearic  acid,  28. 

Isoxy hexic  acid,  27. 

Ketin-dicarboxylic  acid,  33. 
Keto-sulfids,  104. 

Lactams,  126. 

Lactones,  88. 

Laevulinic  acid,  99. 
>-Lepidin,  82. 

Lutidin,  65,  70,  73,  109,  127. 
a-y-Lutidin-^i^-carboxylic  ester,  69. 

Lutidin-dicarboxylic  ester,  55,  74,  99. 

Lutidin-mono-carboxylic  ester,  55,  79. 

Lutidin-tri-carboxylic  acid,  73. 

Lutidone-dicarboxylic  ester,  75. 

Magnetic  rotary  polarization,  58. 

Malonic  ester,  75. 

Melting  points  of  acetoacetic  esters, 
92. 

Mesaconic  acid,  118,  133. 

Mesitene  lactam,  122. 

Mesiten-lactone,  52,  121. 

Mesiten-lactone  carboxylic  acid,  51. 

Mesityl  oxid,  52. 

Mesityl  oxid-anhydro-di carboxylic  es- 
ter, 42. 

Mesityl  oxid-dicarboxylic  ester,  42. 

Meta-dehydracetic  acid,  42. 

Metal  acetoacetic  esters,  14. 

Method  of  production  of  substituted 
acetoacetic  esters,  23. 

Methoxy-diethyl-acetoacetic  ester,  76. 

Methoxy-lepidin,  82. 

Methoxy-methyl-ethyl  acetone,  76. 

Methoxy-quinaldin,  90. 

Methronic  acid,  74,  108. 

Methronic  diethyl  ester,  108. 
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Methyl-aceto-acet-amid,  93,  115. 
Methyl-aceto-acet-anilid,  97. 
Methyl-acetoacetic  acid,  37,  98. 
Methyl-acetoacetic  ester,  i,  2,  4,  7,  13, 

17,  25,  27,  53,  56,  61,  79,  97,  98,  III, 

115, 117,  130. 
Methyl-aceto-glutaric  acid,  21. 
Methyl-acetoacetic  methyl    ester,   4, 

135. 

Methyl-acetone,  3. 
a-Methyl-aceto-propionic  acid,  29. 
a-Methyl-aceto  succinic  ester,  21. 
/9-Methyl-aceto-succinic  ester,  13,  22. 

Methyl-allyl-acetoacetic  ester,  53. 
a-Methyl-/i-amido-crotonic  ester,  115. 

Methyl-aniin,  66,  70,  106. 

Methyl-benzyl-acetic  acid,  20. 

Methyl-benzyl-acetic-benzyl  ester,  20. 

Methyl-benzyl-acetoacetic  ester,  20, 

Methyl -brom-acetoacetic  ester,  120. 

Meth>l-/^butyl-carbinol,  49. 

Methyl-/i-butyl-ketone,  49. 

Methyl-/3-butyl-pinacone,  49. 

Methyl-chlor-acetoacetic    ester,     78, 
120. 
«-Methyl-^-chlor-crotonic  acid,  17. 

Methyl-chlor-crotonic  ester,  16. 
a-Methyl-crotonic  acid,  7,  13. 

Methyl-cyan-acetoacetic     ester,      56, 
105. 

Methyl-dehydrohexone-carboxylic  es- 
ter, 107. 

Methyl  -  dehydropentone  -  carboxylic 
ester,  89. 

Methyl-dichlor-acetoacetic  ester,  78. 

Methyl-diethyl-methane,  4q. 
a-Methyl-/Miethyl  -  sulfone  -  butyric  es- 
ter, 123. 

Methyl-diheptyl-carbin-ketone,  26. 

Methyl-ethyl-acetic  ester,  14. 

Methyl-ethyl-acetoacetic  ester,  14,  53. 

Methyl-ethyl-hydroxyquinolin,  135. 

Methyl-ethyl-/i-oxybutyric  ester,  14. 
2'-3''-Methyl-ethyl-oxyquinizin,  62. 

Methyl-ethyl-thiazole,  120. 

Methyl-fuinaric  acid,  133. 

Methyl-furfuran  -  carboxy-acetic  acid, 
100. 

Methyl-glutaric  acid,  21. 

Methyl-hydro-cinnamein,  20. 
a-Methyl-hydroxy-succinic  acid,  26. 

Methyl-imido-methyl-uracyl,  130. 

Methyl-isoxazolone,  126. 

Methyl-lepidone,  82. 

Methyl-methronic  acid,  108. 

Methyl-methronic  diethyl  ester,  108. 

Methyl-nonyl-ketone,  28. 

Methyl-octyl-ketone,  26. 
a-Methyl-.i^-oxybutric  acid,  7,  13. 

Methyl-oxythiazole-carboxylic    ester, 
109. 


Methyl-phenyl-ethyl-ketone,  12. 

Methyl-phenylhydrazin,  82. 

Methyl  -phenylhydrazin  -  acetoacetic 
acid,  82. 

Methyl-phenyl-ketone,  1 1. 

Methyl-phenyl-pyrazole,  98. 

Methyl-phenyl-pyrazolone,  105,  129. 

Methyl-propyl-acetic  acid,  54,  59. 

Methyl-propyl-acetoacetic  ester,  54, 59. 
a-Methyl-propyl-/^-oxybutric  acid,  54. 

Methyl-a-secondary-pentyl-ketone,  54. 

Methyl -succinic  acid,  133. 
/i-Methyl-thiazyl-acetic  ester,  120,  129. 
/^-Methyl-umbelliferone,  47. 

Methyl-uracyl,  66. 

Methyl  uvic  acid,  108. 

Methyl-valeral,  4. 
a-Methyl-valerolactone,  35. 
/^-Methyl-valerolactone,  35. 

Mustard  oils,  88. 

Myristic  aldehyde,  1 10. 

/^-Naphtho-dimethyl-oxyquinizin,  58. 
a-Naphthylamin,  91. 
a-Naphthyl-hydraziu,  112. 

Nitro-acetoacetic  ester,  1 1 1. 

Nitrogenous  radicals,  64. 

Nitrosates,  90. 

Nitroso-acetic  ester,  33. 

Nitroso-acetoacetic  ester,  33,  83. 

Nitroso-acetone,  20,  33. 

Nitroso-conipounds,  39. 

Nitroso-ethyl-acetone,  19. 

Nitroso-methyl-acetone,  20. 

Nitroso-propionic  acid,  20,  33. 

Nitro-uracyl,  66. 

Nitro-uracyl-carboxylic  acid,  66. 

Nitrous  acid  on  acetoacetic  ester,  18, 

.    ^9.33-   , 

Nitrous  acid  on  ethyl-acetoacetic  es- 
ter, 19. 

Nitrous  acid  on  methyl-acetoacetic 
ester  19. 

Nonyl  acid,  26, 

Octylic-acetic  acid,  28. 
Octylic-acetoacetic  ester,  28. 
Oenanthol,  loi. 
Orcinol,  36. 
Oxalic  acid,  45. 

Oxidation  of  acetoacetic  ester,  9. 
Oximido-bodies,  39. 
Oxiniido-butyric  acid,  126. 
Oxy-adipic  acid,  25. 
Oxy-angelic  acid,  9. 
/^Oxy-butyric  acid,  5,  54. 
Oxy-heptic  acid,  27. 
Oxy-hexic  acid,  27. 
Oxy-mesiten-carboxylic  acid,  52. 
Oxy-mesiten-dicarboxylic  acid,  52. 
Oxy-methyl-quinizin,  58. 
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;  -Oxy-a-methyl-<iuinolin,48. 

Oxy-pentic  acid,  27,  133. 
fl-Oxy-pyrone,  128. 

Oxy-pyro-tartaric  acid,  8,  26. 

Oxy-teteric  acid,  27,  133. 

Oxy-tetrolic  acid.  35,  44. 

Oxy-uvitic  acid,  8,  9. 

Paraldehyde,  55. 
Paramido-acetoacetic  ester,  35,  54,  96, 

132. 
Parvolin,  73. 

Parvolin-dicarboxylic  acid,  73. 
Penta-chlor-acetoacetic  ester,  35,  95. 
Pentamethyl-oxyquinizin,  67. 
Pentenic  acid,  16. 
Pen  tic  acid,  16,  27. 
j-Pentylene-glycol,  85. 
Perbrom-acetoacetic  ester,  45. 
Phenanthraquinone,  39,  124. 
Phenanthroxylene  -  acetoacetic  ester, 

39.  "4, 
Phenanthroxylene  -  isocrotonic  ester, 

39- 
Phenols,  action  of,  88. 
Phenyl-aceto-succinic  ester,  57. 
/^Phenyl-aniido-a-crotonic  ester,  82. 
Phenyl-amido-ethyl  -  crotonic  methyl 

ester,  135. 
Phenyl-amido-methyl-crotonic  methyl 

ester,  135. 
Phenyl-amido-quinaldin,  90. 
,^-Phenyl-azo-crotonic  ester,  91,  136. 
Phenyl-brom-acetic  ester,  57. 
Phenyl-carbaniid,  78. 
Phenyl-dimethyl-pyrazolone,  86. 
Phenyl-dimethyl-pyridone-dicarbox- 

ylic  ester,  75. 
Phenylhydrazin,  49,  58,  60,  61,  83,  84, 

86,  88,  91,  94,  98,   108,   III,   112, 

116,  117,  121,  125,  129.  133,  136. 
Phenylhydrazin  derivative  of  diacetyl, 

98. 
Phenylhydrazin-pyroracemic  acid,  93. 
Phenyl-i-hydrazo-crotonic  ester,  136. 
Phenyl-isocyanate,  88. 
Phenyl-lutidone,  88. 
Phenyl-lulidone-carboxylic  methyl 

ester,  88. 
Phenyl-mercaptan,  80,  123. 
Phenyl-mercaptid  of  sodium,  130, 
Phenyl-methyl-ethoxy-pyrimidin,  72. 
Phenyl-methyl-furfurane,  63. 
Phenyl-methyl-hydroxy-pyrimidin, 

68,  72,  124. 
Phenyl-methyl-nitroso-pyrazolone, 

III,   112. 

Phenyl-niethyl-oxyquinizin,  76. 
Phenyl-niethyl-pyrazolone,  86,  oi,  136. 
Phenyl-methyl-pyrazolone  azoben* 
zene,  112,  116,  117,  133. 


Phenyl  -  methyl  -  pyrazolone  bisulfid, 
133. 

Phenyl-methyl-pyrazolone-ketophen- 
yl-hydrazone,  112,  116. 

Phenyl-methyl-pyrimidin,  72. 

Phenyl-methyl-pyrimidin-anilid,  72. 

Pheny-trimethyl-pyrazoloue,  86, 

Phloroglucin,  75,  91. 

Phthalic  anhydrid,  88. 

Phthalyl-acetic  acid,  83. 

Phthalyl-acetoacetic  ester,  83. 

Phthalyl-diamid,  83, 

Phthalyl-imid,  83. 

Picric  chlorid,  121. 

Pimelic  acid,  50. 

Piperidins,  loi.  • 

Polycoumarins,  91. 

Potassium  butyl  nitrite,  42. 

Potassium  ethyl  nitrite,  41. 

Potassium  on  acetic  ester,  i. 

Potassium  propyl  nitrite,  41. 

Propaldehyde,  73. 

Production  of  acetoacetic  ester,  i,  2. 

Propionamidin,  72. 

Propyl-acetoacetic  ester,  31,  41. 

Propyl-chlor-crotonic  ester,  16. 

Propyl-lutidin,  loi. 

Propyl-lutidin-dicarboxylic  ester,  loi. 

Propy  1-1  utidi  n -hydro-d icarboxy  1  ic   es- 
ter,  lOI. 

Pseudo  -  cumylizin  -  acetoacetic  ester, 
67. 

Pyrazol  blue,  86. 

Pyrazolone  derivatives,  136. 

Pyridin  derivatives,  69,  131. 

Pyridins,  loi. 

Pyrimidins,  68,  72. 

Pyrogallol,  36. 

Pyron,  86. 

Pyrotartaric  acid,  13,  20,  21. 

Pyrotritartaric  acid,   23,   63,  74,    103, 
107. 

Pyrrol  derivatives,  83. 

Pyruvic  acid,  107. 

Quartenylic  acid,  6. 
Quinizin,  61. 
Quinizin  derivatives,  76. 
Quinolin  derivatives,  48,  90,  135. 
Qui  none,  102. 

Quinon-bydro-dicarboxylic  ester,   44, 
48. 

Resacetic  acid,  78. 
Resaceto-phenon,  47. 
Resocyanin,  36. 
Resorcin,  36,  47,  91. 
Rhamnodiazin,  103,  113. 
Rhaninosamin,  113. 
Rliamnose,  103,  113. 
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Salicylaldehyde,  131,  134. 
Sod-acetoacctic  ester  hydrate,  56,  124. 
Sod-ethyl-acetoacetic  ester,  124. 
Sodium-diacetyl-acetic  ester,  56. 
Sodium  on  acetic  ester,   i,  4,  5,  6,  8, 

10,  lor,  132. 
Sodium  on  alcohol,  5. 
Sod-methyl-acetoacetic  ester,   92,  94, 

136. 
Succinic  acid,  45,  70,  74,  107. 
Succinic  ester,  40. 
Succino-succinic  ester,  40,  97. 
Sugar,  92. 

Sulfid  of  acetoacetic  ester,  70. 
Sulfo-ureas,  88. 
Sulfur  dichlorid,  91. 
Syl  vane-car  boxy  acetic  acid,  100. 

Tautomeric  compounds,  1 19. 
Tetracetic  acid,  134. 
Tetra-chlor-acetoacetic  ester,   37,   95, 

97. 

Tetracrylic  acid,  6. 
*  Tetra-methyl-oxyquinizin,  67. 

Tetrenic  acid,  16. 

Tetric  acid,  16,  27,  132,  133,  136. 

Tetrolic  acid,  6. 

Thiacetamid,  120,  128. 

Thiacet-amido-acetic  ester,  128. 

Thiacet-amido-acetoacetic  ester  hydro- 
bromid,  128. 
>-Thiaceto-acetoacetic  ester,  128. 

Thio-acetoacetic  ester,  in,   112,   116, 

117,  133. 
Thio-acetoacetic  phenylhydrazid,  116. 
Thio-amids,  88. 
Thio-carbacetic  acid,  14. 
Thio-carbamid,  78,  81,  109,  120,  128. 
Thio-carbonyl-acetoacetic  ester,  94. 
Thio-carbonyl  chlorid,  94. 
Thio-cyanates,  109. 
Thio-glycoUic  acid,  94. 
Thiomethyl  uracyl»  81. 
Thio-methyl  uracyl-acetic  acid,  8r. 
Thio-phenyl-acetoacetic  ester,  130. 
/?-Thio-phenyl-crotonic  acid,  81. 
Thio-phenyl-methyl-pyrazolone,    1 17, 

133. 
Thiophenyl-propylene,  81. 
Thio  rufic  acid,  14. 
^-ToUiene-acetoacetic  ester,  60. 


/-Toluene-aio-acetoacetic  ester,  60. 
/-Toluene-azo-acetone,  60. 
wf-Toluene-/^-methyl-coumarin,  47. 
o-Toluoxy-methyl-quinizin,  58. 
/-Toluoxy-methj'l-quinizin,  58. 
f>-Toluylene-diamin,  25,  85. 
P-To]  yl-hydrazin  ,112. 

Triacetyl-acetic  ester,  136. 

Triacetyl-benzene,  98. 

Triacetyl -hydrogen,  5. 

Triacetyl-sodium,  5. 
o-Tribenzoyl-benzene,  30. 

Tribrom-acetoacetic  ester,  45. 

Tricarballylic  acid,  15,  17. 

Trichlor-acetoacetic  ester,  95,  97. 

Tridecyl-lutidin,  no. 

Tridecy  1  -  lutidin  -  dicarboxy  lie     acid, 
no. 

Tri-ethyl-phosphite,  in. 

Trimethylen  bromid,   41,   44,  77,  84, 
106,  113. 

Trimethyl-pyridin-dicarboxylic    acid, 

.  ^■ 
Trimethyl-pyridon-dicarboxylic  ester, 

75. 
Trimethyl-quinizin  derivatives,  67. 
Trimethyl-thiazole,  120. 
Trimethy  1-tri-couraaric  acid  ,91. 
Trimethyl-tricoumarin,  91. 
Trimethyl-uracyl,  66. 
Trinitro-phenyl -acetoacetic  ester,  121. 
Trinitro-phenyl-acetone,  121. 
Triphenyl-carbiuyl-acetoacetic    ester, 

64. 
Triphenyl-carbinyl  bromid,  64. 
Triphenyl-  carbinyl  ethyl  ester,  65. 
Triphenyl-methane,  65. 

Uramido-crotonic  amid,  97. 

Uramido-crotonic  ester,  66,  131. 

Urea,  66. 

Ureas,  88. 

Ureids,  88. 

Urethane,  96. 

Urine,  24,  30,  31,  35,  48,  71. 

Uvic  acid,  23,  107. 

Uvitic  acid,  107. 

Valeraldehyde,  74, 
Valeric  acid ,  28. 
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LETTER  OF  TRANSMITTAL. 


New  York,  July  24,  1894. 
The  Committee  of  the  American  Association  for  the  Advancement  of 
Science  having  charge  of  Indexing  Chemical  Literature  has  voted  to  recom- 
mend to  the  Smithsonian  Institution  for  publication  the  three  following 
Indexes:  — 

An  Index  to  the  Literature  of  Cerium. 
An  Index  to  the  Literature  of  Lanthanum. 
Both  by  W.  H.  Magee,  Ph.  D. 

An  Index  to  the  Literature  of  Didymium.* 
By  A.  C.  Langmuir,  Ph.  D. 
The  latter  has  already  appeared  in  the  School  of  Mines  Quarterly,  No.  x, 
Vol.  XV. 

H.  CARRINGTON   BOLTON, 

Chairman, 

To  the  Sxcrxtary  of  the  Smfthsonian  iNsrrruTiON. 

1  This  Index  is  printed  as  Smithsonian  Publication  No.  972. 


INDEXES  TO  THE   LITERATURES   OF  CERIUM 
AND   LANTHANUM. 


By  W.  H.  MAGEE,  Ph.  D. 


INTRODUCTION. 

The  following  indexes  to  the  literatures  of  cerium  and  lanthanum 
were  prepared  during  the  course  of  some  work  on  the  former  element. 
They  are  not  offered  as  being  absolutely  correct,  but  all  the  more  im- 
portant articles  bearing  upon  the  elements  are  certainly  indexed,  and 
usually  the  original  article  heads  the  list.  In  some  few  cases,  how- 
ever, it  was  difficult  to  determine  the  original.  Whenever  the  journal 
was  to  be  found  on  the  library  shelves  the  references  were  verified. 
No  single  library,  however,  contains  all  the  journals  to  which  references 
will  be  found. 

That  the  indexing  of  chemical  literature  is  of  great  and  growing  im- 
portance is  evident ;  that  the  work  should  be  as  nearly  perfect  as 
possible  is  equally  true.  Yet  few  except  those  who  have  attempted 
the  task  realize  the  difficulty  and  labor  involved.  I  would  ask,  there- 
fore, as  regards  these  indexes,  that  any  one  using  them,  and  all  chem- 
ists interested  in  the  study  of  cerium  and  lanthanum,  should  send  cor- 
rections and  addenda  to  W.  H.  Magee,  care  of  Professor  L.  M.  Dennis, 
Cornell  University,  Ithaca,  N.  Y.,  so  that  after  a  few  years  perfectly 
correct  indexes  may  be  prepared. 

The  Indexes  are  arranged  on  the  same  plan  as  that  of  the  Index  to 
Uranium,  published  by  Dr.  H.  Carrington  Bolton  in  1870,  and  followed 
by  several  other  chemists.  The  abbreviations  used  are  in  the  main 
those  of  the  standard  list  printed  in  Bolton's  Bibliography  of  Chem- 
btry. 

CORNBLL  UKTVERSITY, 

ITUACA,  N.  Y.,  July  21,  1894. 
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Date. 

Author. 

Remarks. 

References. 

I7S« 

Cronstedt  .  .  . 

Discovery  of 

Sv.  Vet.   Akad.  Handl.,    1751, 

the  mineral 

227. 

cerite. 

Ab.    der    Schwed.    Akad.    der 

Wbs.,  1751,  235. 
Cronstedt  Min.,  1858,  183. 
Sv.  Vet.   Akad.   Handl.,  1784, 

1784 

Bergmann 

Analysis  of 

and 

cerite 

121. 

D'Elhuyar. 

(not  correct). 

1804 

Berzelius 

Discovery  of 

Afhandl.  i.  Fys.,  Kemi  och  Min., 

and 

ceria  in 

1,58- 

HiSINGER. 

cerite. 

A.  Gehl,  2, 397. 

Ann.  chim.  phys.,  50,  245. 

Phil.  Mag.,  1805,  20,  155. 

1804 

Klaproth    .  .  . 

Discovery  of 

Memoirs  de  TAcad.  de  Berlin, 

ceria  as 

1804,  iSS- 

"Ochroit- 

A.  Gehl,  2,  303. 

erde"in 

Beitr.,  4,  140. 

cerite. 

Ann.  chim.  phys.,  49,  255. 

Phil.  Mag.,  19,  95. 

Karst.  Min.  Tab.,  1808,  74. 

1804 

Vauquelin  .  .  . 

Review  of 

Ann.  chim.  phys.,  50,  140. 

Klaproth's 

A.  Gehl,  5,  189. 

work. 

Ann.   de  mus.    d'hist.   nat,    5, 
412. 

1805 

Note  on  disc. 

of  Berzelius 

and  Klaproth. 

Phil.  Mag.,  22,  174. 

1805 

Vauquelin  .  .  . 

Analysis  of 

Ann.  chim.  phys.,  54,  28. 

cerite  and 

Phil.  Mag.,  22,  193. 

synthesis  of 

cerium  salts. 

x8o8 

T.  Allen  .... 

Supposition 

that  allanite 

was  gado- 

Edin.  Roy.  Soc.  Proc,  6,  345. 

hnite. 

18x0 

Thomson  .... 

Analysis  of 

Edin.  Roy.  Soc.  Proc,  6,  384. 

allanite. 

Schw.  J.,  13,  108. 

Ann.  Phil.,  2,  147. 

Jour,  des  Mines,  29,  159 ;  30, 

281. 
Ann.  der  Phys.,  Gilb.,  44,  123. 

1810 

HiSINGER  .... 

Analysis  of 

Afhandl.  i.  Fys.,  Kemi  och  Min., 

cerite. 

3,  283. 
Kongl.  Vet.  Acad.  Handl.,  1811. 

1814 

Berzelius 

Discovery  of 

Afhandl.  i.  Fys.,  Kemi  och  Min., 

and  Gahn. 

ceria  in  the 

4,  217- 

supposed 

Schw.  J.,  16,  241. 

yttria. 

Ann.  chim.  phys.  [i],  2,  431. 
Ann.  des  Mines  [i],  2,  96. 
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18x4 

181S 
181S 


1818 

1819 

1823 
1823 


1824 
1824 

1825 

1825 

1825 

1825 
1826 
1826 

1826 
1826 


Laugier  . 

HiSINGER  . 
HiSINGER  . 

Berzelius 

HiSINGER   . 


Levy.  .  .  . 

Berzelius. 


Levy 

Gay  Lussac 

Haidinger  . 

Berzelius.  . 

Berzelius.  . 

Berzelius. 
Lynchell  . 
Berzelius  . 

Heeren.  . 

WOHLER.  . 


Separation 

and  reduction 

of  ceria. 

Analysis  of 

allaniie. 
Atomic  mass. 


On  fluss- 
spatssyradt. 
Analysis  of 

cerite. 

On  monazite. 

Compounds 

with 

fluorine. 


On  buckland- 

ite. 

Memoir  of 

Laugier's 

work. 

On  allanite. 


Sulphide. 


On  arsenico- 
sulpho  salts. 


On  sulpho- 
molybdo  salts. 
Cerium  in 
serpentine. 
Analysis  of 
a  cerium 
mineral. 
Cerium  hypo- 
sulphite. 
Cerium  in 
pyrochlore. 


Ann.  chim.  phys.,  89,  306. 
Schw.  J.,  19,  54. 

Afhandl.  i.  Fys.,  Kemi  och  Min., 

4,  327. 
Afhandl.  i.  Fys.,  Kemi  och  Min., 

4,378. 
Ann.  Phil.,  Nov.,  18 14. 
Ann.  chim.  phys.,  94,  108. 
Schw.  J.,  17,  424. 
Afhandl.  i.  Fys.,  Kemi  och  Min., 

6,  64. 
Ann.  chim.  phys.  [i],  10,  27. 
Ann.  des  Mines  [i],  5,  227. 
Ann.  Phil.,  5,  241. 
Sv.  Vet.   Akad.    HandL,    1823, 

284. 
Ann.  der  Phys.,  Pogg.,  i,  28. 
Compt.  Rend.,  1825. 
Ann.  des  Mines  [ij,  12,  302. 
Ann.  Phil.,  7,  134. 

Ann.  chim.  phys.  [i],  27,  314. 
Berz.  Jsb.,  5,  204. 

Edin.  Roy.  Soc.  Proc,  10,  271. 
Ann.  des  Phys.,  Pogg.,  5,  157. 
Min.  Mohs.,  3,  68. 
Sv.  Vet.  Akad.  HandL,  1825,  11. 
Treatise    on    Chemistry,    Ger. 

ed.  V. 
Ann.  des  Phys.,  Pogg.,  6,  456. 
Trans,    de    TAcad.     Roy.     de 

Stockh.,  1825. 
Ann.   der   Phys.,   Pogg.,   7,  28 

and  145. 
Ann.  chim.  phys.  [2],  2,  60. 
Ann.  der  Phys.,  Pogg.,  7,  274. 
Ann.  chim.  phys.  r2j,  2,  407. 
Sv.  Vet.  Akad.  Hahdl.,  1826, 181. 

Ann.  chim.  phys.  [2],  i,  400. 


Ann.  der.  Phys.,  Pogg.,  7,  180. 

Ann.  der.  Phys.,  Pogg.,  7,  427. 
Leonhard's  Ztschr.  fiir  Min.,  i, 
246. 
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1826 

Berzelius.  .  .  . 

Salts  of 

Ann.  der  Phys.,  Pogg.,  8,  186, 

cerium,  and 

280,  and  418. 

atomic  mass. 

1826 

MOSANDER    .   .   . 

Reduction  of 

Sv.  Vet.  Akad.  Handl.,  1826, 299. 

ceria,  etc. 

Kast.  Arch.,  zo,  470. 

Ann.  der  Phys.,  Pogg.,  6,  470; 

II,  406. 
Berz.  Lehrb.,  1826,  2,  416. 
Berz.  Jsb.,  1826,  7,  144. 
Phil.  Mag.  [2],  I,  71. 
Ann.  des  Mines  [2],  5,  143. 

1828 

Marx 

Crystal 

Schw.  J.,  52,  481. 

form  of  sul- 

Berz. Jsb.,  1830,  9,  179. 

phate. 

1829 

BONSDORFF    .   .    . 

Cerium-mer- 
cury-chloride. 

Ann.  der  Phys.,  Pogg.,  17,  247. 

1829 

Breithaupt    .  . 

On  monazite. 

Schw.  J.,  55,  301. 

1830 

Berthemot.  .  . 

Preparation  of 
bromide. 

Ann.  chim.  phys.  [2],  44,  393. 

183 1 
1832 

Dumas 

Traits  de  chimie,  3,  299. 
Forhandl.  vid   de   Skand.   nat 

MoSANDER     .    .    . 

Color  of 

cerous  salts. 

forsk.,  387. 

1832 

Beudant  .... 

On  fiuocerite. 

Trait^  ddmentaire  de  min.,  2, 
519- 

1833 

GOBEL  

Formate,  re- 

Schw. J.,  67,  78. 

duction,  car- 

Berz. Jsb.,  1835,  15,  131. 

bide,  etc. 

1834 

Demarqay   .  .  . 

Separation  of 
Fe  by  BaCOg. 

Ann.  Chem.,  Liebig,  11,  245. 

1834 

Berlin 

Diss,  at  Upsala. 

Berz.  Jsb.,  1838,  17,  221. 

1834 

Stromeyer  .  .  . 

On  allanite. 

Getting.  Anzeig.,  1834,  No.  75. 
Ann.  der  Phys.,  Popg.,  32,  288. 

1835 

Persoz 

Removal  of 

Ann.  chim.  phys.  [2],  58,  202. 

iron  by  CuO. 

J.  prakt.  Chem.,  6,  49. 

183s 

HOLGER 

Meteoric  ce- 

Baumgartner's Zischr.,  2,  293. 

rium. 

Berz.  Jsb.,  15,  132. 

1837 
1837 

Rose 

Reis.  Ural,  i,  432. 
Am.  J.  Sci.  [i],  32,  162. 

Shepard   .... 

On  edwards- 

ite  (mona- 

J. prakt.  Chem.,  12,  185. 

zite). 

1837 

Otto 

Preparation 

Ann.  der  Phys.,  Pogg.,  40,  404. 

of  sulphate. 

J.  prakt.  Chem.,  11,  82. 
Ann.  des  Mines  [3],  13,  448. 
Berz.  Jsb.,  1839,  18,  186. 

1837 

Heller 

Organic  salts 

J.  prakt.  Chem.,  12,  227  and  238. 

and 

Berz.  Jsb.,  1839,  18,  523. 

solubility  in 

alcohol. 
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1838 

HiSINGER  .... 

Analysis  of 
a  cerium  min- 
eral. 

Sv.  Vet.  Akad.  Handl.,  1838, 187. 

X838 

Rammelsberg  . 

Preparation 

Ann.  der.  Phys.,  Pogg.,  44,  SS7- 

iodates,  etc. 

Berz.  Jsb.,  1840,  19,  239. 

1839 

Ross 

On   tscheff- 
kinite. 

Reis.  Ural,  1839,  2. 

1839 

MOSANDBR    .    .   . 

Discovery  of 

Ann.  der  Phys.,  Pogg.,  46,  648. 

lanthanum 

Ann.  der  Phys.,  Pogg.,  47,  207. 

in  ceria. 

Compt.  Rend.,  8,  356. 

Phil.  Mag.,  1839,  390. 

Ann.  Chem.,  Liebig,  32,  235. 

Am.  J.  Sci.  [i],  37,  192. 

J.  prakt.  Chem.,  x6,  513. 

Inst.,  1839. 

Berz.  Jsb.,  1840,  19,  218. 

1839 

Rersten   .... 

Crystals  of 

Ann.  der  Phys.,  Pogg.,  47,  210 

monazite. 

and  385. 

1840 

SCHEERER.   .   .   . 

Analyses. 

J.  prakt.  Chem.,  22,  449. 

Ann.  der  Phys.,  Pogg.,  51,  407 

and  465. 
Ann.  des  Mines  [4],  2,  449. 
Ann.  des  Phys.,  Pogg.,  49,  223. 

2840 

Rose 

Monazite  and 

edwardsite 

identical. 

184X 

ERDIiANN  .... 

On  mosan- 
drite. 

Berz.  Jsb.,  1842,  2X,  178. 

1 841 

HUOT 

On  bast- 
nasite. 

Huot  Min.,  I,  296. 

1841 

Hermann.  .  .  . 

On  ural- 

J.  prakt.  Chem.,  23,  273. 

orthite. 

Jsb.,  1847-48,  1175- 

1842 

Mosander  .  .  . 

Discovery  of 

Forhandl.  vid  Skan.  nat,  July, 

didymium 

1842,  387. 

in  ceria. 

Ann.  Chem.,  Liebig,  44,   125  ; 

48,  210. 
Pharm.  Centrbl.,  1842,  793. 
J.  de  Pharm.,  1843,  143. 
Berz.  Jsb.,  1844,  23,  144. 
J.  Frank.  Inst.  [3],  5,  4"- 
Am.  J.  Sci.  [i],  43,  404. 
J.  prakt.  Chem.,  30,  276. 
Phil.  Mag.  [3],  25,  241. 
Ann.  der  Phys.,  Pogg.,  56,  503. 

1842 

Beringer  .... 

Atomic  mass 

Ann.  Chem.,  Liebig,  42,  134. 

and  salts. 

Berz.  Jsb.,  1844,  23,  143    and 

187. 
Phil.  Mag.  [3],  21,  278. 
Article  read  at  Stockholm,  July 

1842 

SCHEERBR.   .   .   . 

Analysis  ceri- 

um minerals. 

IS,  1842. 
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1842 
1842 
1842 

1843 
1843 


1844 
1844 
1844 
1844 

1845 

1845 
1846 

1846 
1846 

1847 


1847 
1848 


scheersr  .  .  . 

Rammelsberg 

Choubine  .  .  . 

Hermann.  .  . 
Bonaparte  .  . 


scheerer . 
Breithaupt 
Rose.  .  .  . 
Kersten  . 

BUNSEN   .   . 

Haidinger 
Faraday  . 

Berzelius 

WOHLBR.   . 

Berlin  .  . 


svanberg  . 
Marignac 


Analysis  ceri- 
um minerals. 

Bromates. 


Tscheffkinite. 


Atomic  mass. 

Separation 

of  didymium 

from  cerium, 

etc. 


Crystal  form 
of  allanite. 
AUanite-like 

mineral. 
On  tscheff- 
kinite. 
On  tscheff- 
kinite. 
On  parisite 
discovered  by 
Medici-Spada. 
Onfluo- 
cerite. 
Magnetism 
of  cerium. 

Cerium. 

On  krypto- 
lith. 

Gadolinite 
and  orthite. 


Orthite. 

Atomic  mass, 

etc. 


Ann.  der  Phys.,  Pogg.,  56,  479. 
J.  prakt  Chem.,  27,  78. 
Berz.  Jsb.,  1844,  23,  147. 
Ann.  der  Phys.,  Pogg.,  55,  63. 
Berz.  Jsb.,  1843,  22,  139. 
J.  d*£rdmann,  22,  499. 
Annu.  J.  des  Mines,  Russ.,  1842, 

363- 
Berz.  Jsb.,  1847,  26,  373. 
J.  prakt.  Chem.,  30, 184  and  193. 
Berz.  Jsb.,  1845,  24,  205. 
Compt.  Rend.,  16,  1008. 
J.  prakt.  Chem.,  29,  268. 
Berz.  Jsb.,  1845,  24,  115. 
Am.  J.  Sci.  [1],  46,  206. 
Ann.  der  Phys.,  Pogg.,  59,  623. 
Pharm.  Centrbl.,  1843,  719. 
Chem.  Gaz.,  1843,  405. 
Chemist,  Watt,  4,  293. 
Ann.  der  Phys.,  Pogg.,  6x,  645. 

Ann.  der  Phys.,  Pogg.,  62,  273. 

Jsb.,  1847-48,  1 177. 

Ann.  der  Phys.,  Pogg.,  62,  591. 

Ann.  der  Phys.,  Pogg.,  63,  135. 
Jsb.,  1847-48,  1177. 
Ann.  Chem.,  Liebig,  53,  147. 
Berz.  Jsb.,  1847,  26,  333. 

Handbuch  d.  Bes.  Min.,  1845,- 

500. 
Phil.  Trans.,  1846,  46. 
Ann.  der  Phys.,  Pogg.,  67,  440 ; 

7o»  33- 
Traits  de  Chimie,  2d  Fr.  ed.,  2, 

745- 
Paper  read  at  Gottingen,  1846. 
Ann.  Chem.,  Liebig,  57,  268. 
Ann.  der  Phys.,  Pogg.,  67,  427. 
Ofv.  af.  K.  vet  Akad.  Fork.,  2, 

86. 
Berz.  Jsb.,  1847,  26,  368. 
Jsb.,  1847-48,  1176. 
Berz.  Jsb.,  1847,  26,  369. 
Bib.  Univ.  de  G^nkve,  1848. 
Arch.  ph.  nat.,  8,  265. 
Ann.  Chem.,  Liebig,  68,  212  and 

258. 
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1848 

Marignac    .  .  . 

Atomic  mass, 

Jsb.,  1847-48,  397. 

etc. 

Berz.  Jsb.,  1850,  29,  84. 

1848 

Kerndt 

Bodenite,  etc. 

J.  prakt.  Chem.,  43,  219. 
Jsb.,  1847-48,  1177. 

1848 

Hermann.  .  .  . 

Analysis  of 
mineral. 

J.  prakt.  Chem.,  43,  99. 

X848 

Rammelsberg  . 

Analysis  of 
orthite. 

N.Jen.  Lit.Ztg.,Nos.23oand30S. 

Jsb.,  1847-48,  1176. 

1849 

Gmelin 

Cerium. 

Handbuch  of  Chem.  (transl'd  by 

H.  Watts),  3,  255. 
Bibl.  Univ.  de  Geneve,  1849. 

1849 

Marignac    .  .  . 

Separation 

from  didym- 

Arch.  ph.  nat.,  11,  21. 

ium,  etc. 

Ann.  Chem.,  Liebig,  71,  306. 
Ann.  chim.  phys.  [3],  27,  209. 
J.  prakt.  Chem.,  48,  406. 

Pharm.  Centrbl.,  1849,  ^37- 

Chem.  Gaz.,  1849,  329- 

Jsb.,  1849,  263. 

Chemist,  Watt,  1849,  20. 

1849 

Weibye 

Johnstrupite. 

Jsb.  Min.,  1849,  774- 

1849 

Watts 

Separation 

J.  Chem.  Soc,  2,  131. 

from  lantha- 

Jsb., 1849,  264. 

num,  etc. 

Pharm.  Centrbl.,  1849,  892. 

1849 

E.  J.  Chipman  . 

Crystals  phos- 
pho-cerite. 

J.  Chem.  Soc,  2,  154. 

1849 

Marx 

Optical  prop- 
erties of  ceri- 
um sulphate. 

Ann.  der  Phys.,  Pogg.,  78,  273. 

1849 

S.  MUSPRATT  .   . 

Cerium  sele- 

J.  Chem.  Soc,  2,  68. 

nite. 

Jsb.,  1849,  265. 

1850 

Credner  .... 

On  allanite. 

Ann.  der  Phys.,  Pogg.,  79,  144. 

1850 

Weibye  and 

Berlin. 

Tritomite. 

Ann.  der  Phys.,  Pogg.,  79,  299. 

1850 

Hermann.  .  .  . 

Pyrochlore. 

J.  prakt.  Chem.,  50,  187. 

1851 

Rose  (G.)  .... 

Cerium  in 

Ann.  der  Phys.,  Pogg.,  84,  303. 

apatite. 

Jsb.,  1851,  812. 

1851 

C.T.Jackson  . 

Disc'y  of  a 
cerium  min- 
eral in  Frank- 
lin, N.  J. 

Annual  of  Sci.  Disc,  1851,  298. 

1852 

K  F.  ZSCHAU  .  . 

Orthite. 

Jsb.  Min.,  1852,  660. 
Am.  J.  Sci.  [2],  IS,  441. 

1852 

Rose  (G.)  .... 

Crystal  form 

Krystallochemisches   Mineral- 

of  cerite. 

system,  1852,  85. 

1852 

Schmidt 

Separ'n  from 

Ann.  Chem.,  Liebig,  83,  329. 

iron. 

Jsb.,  1852,  727. 

1853 

Blake 

Mineral. 

Am.  J.  Sci.  [2],  16,  228. 
J.  prakt.  Chem.,  60,  374. 
Jsb.,  1853,  850. 
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i8s4 

1854 
1854 


18SS 
1856 

1857 

«8S7 

1857 
1858 

1858 

1858 

1858 
1858 

1858 


Berlin  . 

KjERULF 


BUNSEN 


Descloizeaxtx 

J.  L.  Smith.  . 
J.  Y.  Simpson 


D.  FORBFS 

and  T.  Dahll. 
Damour    .  .  .  . 

Gladstone  .  .  . 


Damour  and 
Descloizeaux. 


Nordenskiold 
Ordway   . 

Verdet  .  . 

Holzmann 

Bergmann 
Carius  .  . 


BuNSEN  and 

Jegel. 


Mosandrite. 

Erdmannite. 

Analysis  of 

cerite. 

Estimation 
by  iodine. 


Crystal  form 
wohlerite. 
Xenotime. 

Medical  use 
of  cerium. 


Analysis  of 

alvite. 
Analysis  of 

eucolite. 

Optical  test 

for  freedom 

from  didy- 

mium. 

Crystal  form 

of  monazite, 

etc. 

Orthite. 

Cerous  sul- 
phate. 

Magnetic 
properties  of 

cerium. 
Cerium  salts. 


Cerium  in 

zircon. 

Crystal 

measurement 

of  Holz- 

mann's  salts. 

Atomic  mass 

and  salts. 


Ann.  der  Phys.,  Pogg.,  88,  156. 
Ann.  der  Phys.,  Pogg.,  88,  162. 
Ann.  Chem.,  Liebig,  87,  12. 
J.  prakt.  Chem.,  60,  282. 
Jsb.,  1853,  340  and  815. 
Ann.  Chem.,  Liebig,  86,  285. 
Pharm.  Centrbl.,  1853,  553. 
Ann.  chim,  phys.  [3J,  41,  350. 
J.  Chem.  Soc.,  8,  232. 
Jsb.,  1853,  340  and  626. 
Ann.  chim.  phys.  [3],  40,  76. 

Am.  J.  Sci.  [2],  18,  377. 
Monthly  J.  Med.  Sci.,  Dec,  1854. 
Med.  Times  and  Gaz.,  2,  280. 
J.  de  Pharm.,  1858. 
Pharm.  J.,  14,  37^. 
Nyt.  Mag.,  8,  228. 

Compt.  rend.,  43,  1197. 

J.  Chem.  Soc.,  10,  219. 

J.  prakt.  Chem.,  73,  380. 

Am.  J.  Sci.  [2],  25,  100. 

Jsb.,  1857,  568. 

Ann.  chim.  phys.  [3],  51,  445. 

Ann.  des  Mines  [5],  14,  352  and 

403. 
Act.  Soc.  Sci.  Finn. 
Ann.  der  Phys.,  Pogg.,  loi,  635. 
Am.  J.  Sci.  [2],  26,  205. 
J.  prakt.  Chem.,  76,  22. 
Jsb.,  1858.  114. 
Ann.  chim.  phys.  [3],  52,  158. 


J.  prakt.  Chem.,  75,  321. 
Bull.  soc.  chim.,  1859,  241. 
Jsb.,  1858,  134. 
Ann.  der  Phys.,  Pogg.,  105,  121. 

J.  prakt.  Chem.,  75,  352. 
Rep.  chim.,  i,  241. 
Chem.  Gaz.,  1859,  241. 

Ann.  Chem.,  Liebig,  105,  40. 
J.  prakt.  Chem.,  73,  200. 
Chem.  Centrbl.,  1858,  282. 
Ann.  chim.  phys.  [3],  52,  498. 
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1858 

1859 
1859 


1859 


1859 


1859 


1859 
1859 

^859 


1859 

i860 

i860 
i860 


i860 


BuNSBN  and 

Jegsl. 

Rammslsberg  . 

Rammslsbsrg  . 


Ramicelsberg 


Rammelsberg 


CZUDNOWICZ    . 


POTYKA  .   . 

Marignac 


Stapff 


Descloizeaux  . 
Nordenskiold  . 

Rammelsberg  . 

Damour  and 

DsSCLOIZEAirX. 


Mayer 


Atomic  mass 
and  salts. 

Analysis  of 

yttrotitanite. 

Analysis  of 

cerite. 


Atomic  mass, 
eta 


Crystal  form 

of  double 

nitrates. 

Cerons  salts. 


On  tyrite. 
Compounds. 

Study  of  ox- 
ides. 


Wohlerite. 
Hielmite. 

Analysis  of 
allanite. 
Optical 
properties  of 
allanite, 
etc. 
Cerium  oxa- 
late. 


Chem.  Gaz.,  1858,  221. 

Am.  J.  Sci.  [2],  25,  438. 

Jsb.,  1858,  129. 

Ann.  der  Phys.,  Fogg.,  xo6,  296. 

Ann.  der  Phys.,  Fogg.,  107,  631. 

Ztschr.  f.  d.  Ges.  Nat,  15,  74. 

Jsb.,  1859,  138. 

Jsb.  Min.,  i860,  232. 

Bull.  soc.  chim.  [pure],  i860,  14. 

Monatsber.  der  Konig.  Akad.  der 

Wiss.  zu  Berlin,  1859,  359. 
Ann.  chim.  phys.  [3],  58,  105. 
Ann.  der  Fhys.,  Fogg.,  108,  40. 
J.  prakt.  Chem.,  77,  67. 
Chem.  Gaz.,  1859,  321. 
Jsb.,  1859,  135. 
Chem.  Centrbl.,  1859,  507. 
Arch.  Fharm.  [2],  100,  16. 
Inst,  1859,  305. 
Ann.  der  Fhys.,  Fogg.,  108^  435. 


J.  prakt  Chem.,  80,  16. 

Bull.  soc.  chim.  [pure],  316. 

Chem.  Centrbl.,  i860,  loii. 

Ztschr.  Chem.  Fharm.,  i860,  532^ 

Jsb.,  i860,  124. 

Ann.  der  Fhys.,  Fogg.,  107,  590.. 

Ann.  des  Mines  [5],  15,  275. 

Jsb.,  1859,  137. 

J.  prakt  Chem.,  79,  257. 

Bull.  soc.  chim.  [pure],  i860, 

318. 

Chem.  News,  2,  196. 

Jsb.,  i860,  123. 

Ann.  des  Mines  [5],  16,  229. 

Ofr.  Ak.  Stockh.,  17,  34. 

Ann.  der  Fhys.,  Fogg.,  iii,  278. 

Min.  Ch.,  746. 

Ann.  chim.  phys.  [3],  59,  357. 


Chem.  News,  2,  27. 

Am.  J.  Fharm.  [3],  8,  i. 

Frakt  Fharm.,  9,  401. 

Am.  Drug.  Cir.  and  Ch.  Gaz.,4, 32. 


INDEX  TO  LITERATURE  OF  CERIUM. 


13 


Date. 

Author. 

Remarks. 

References. 

i860 

Maybr 

Cerium  ni- 

Am. Drug.  Cir.  and  Ch.  Gaz.,  4, 

trate. 

317- 

i860 

NORDENSUOLD  . 

Ce^,:CeO, 

Ann.  der  Phys.,  Pogg.,  1x4, 616. 
Ofv.  Vet.  Akad.  Forhandl.,  1860^ 

439- 
J.  prakt.  Chem.,  85,  431. 
Pharm.  CentrbL,  1862,  556- 
Jsb.,  1861,  184. 

i860 

HERliANN.   .    .   . 

Preparation 

Bull.  Soc.  Nat.  Moscow,  4,  543. 

of  pure  ceria, 

J.  prakt.  Chem.,  82,  385. 

etc. 

Pharm.  CentrbL,  186 1,  433. 
Arch.  ph.  Nat.,  11,  354. 
Chem.  News,  4,  72. 
Jsb.,  1861,  195. 

I86I 

WOHLKR 

Decomp'n 
of  cerium  min- 
erals. 

Mineralanalyse,  126. 

f86i 

Langs  

Cerium  salts. 

J.  prakt  Chem.,  82,  129. 
Bull.  soc.  chim.,  1861,  471. 
Chem.  CentrbL,  1861,  449. 
Jsb.,  1861,  184. 

1861 

SCHSIBLKR     .   .   . 

Cerium  tung- 
state. 

J.  prakt.  Chem.,  83,  314. 

1861 

CZUDNOWICZ    .   . 

Cerium  salts. 

J.  prakt.  Chem.,  82,  277. 
Bull.  soc.  chim.,  1862,  4,  6. 
Chem.  CentrbL,  1861,  456. 
Jsb.,  i86i,  189. 

1861 

KOROVAXFF  .   .   . 

Rischtimite. 

Bull.  Ac.  St.  Pet.,  4,  401. 
J.  prakt.  Chem.,  85,  442. 
Min.  RussL,  4,  40. 
PhiL  Mag.  [4],  22,  216. 

1861 

HOLZMANN    .   .   . 

Cerium  salts. 

J.  prakt,  Chem.,  84,  76. 

Bull,  soc  chim.,  7,  164. 

Rep.  Chem.,  z,  241. 

Jsb.,  1861,  187. 

1861 

Devillk 

Cerium  with 

Ann.  chim.  phys.  [3],  6x,  344. 

tellurium  and 

Jsb.,  1861,  1006. 

titanium. 

1862 

Cleve  

Cerium  of 

Ofv.  af.  Akad.  Forh.,  zg,  425. 

1862 

MiCHAELSON     .   . 

Bastnas. 
Erdmannite. 

Bull.  soc.  chim.  [2],  2,  42. 
Ofv.  Akad.  Stockh.,  19,  512. 

1862 

Damour 

Tscheffkinite. 

Bull.  Geo.  Fr.,  19,  550. 

1862 

Bahr 

Wasite. 

Ofv.  Akad.  Stockh.,  19,  415. 

1862 

HOLZMANN    .   .   . 

Crystalline 

Ztschr.  Chem.  Pharm.,  1862, 668» 

Ce,0^ 

Chem.  CentrbL,  1863,  206. 
Jsb.,  1862,  135. 

1863 

Cleve  

Auro-cerous 
salts. 

Chem.  CentrbL,  1863,  206. 

1863 

KSSSLBR 

Allanite. 

Ann.  der  Phys.,  Pogg.,  zzq,  269. 
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Date. 

1863 
1863 
1864 


1864 


1864 


1864 

1864 
1864 


1864 


1864 
1864 

1865 

1865 

1865 


Author. 


Hermann.  . 
G.  J.  Brush  . 
Hermann.  . 


GiBBS 


POPP. 


FiNKENSR.   .   . 


Berlin 

Damour  and 

Deville. 


Delafontaine 


Bahr 

Hermann  .  .  .  . 

Hermann  .  .  .  . 

Pelouze  and 

Fremy. 
C.  W.  Walsh  .  . 


Remarks. 


Allanite. 

Kischtimite. 

Oxides  and 

sulphates. 


Separation 

method  and 

qualitative 

test. 


Separation 
method,  etc. 


Separation 
Ce  and  Th. 


Analysis  of 
parisite. 


Study  of 
earths. 


Wasite. 
Separ'n  from 

thorium. 
Analysis  of 

wohlerite. 


Cerium  oxal- 
ate in 
sea-sickness. 


References. 


J.  prakt.  Chem.,  88, 199. 
Am.  J.  Sci.  [2],  35,  427. 
J.  prakt.  Chem.,  92,  113. 
Bull.  soc.  chim.  [2],  3,  124. 
Chem.  Centrbl.,  1864,  817. 
Chem.  News,  11,  218. 
Jsb.,  1864,  193. 
Am.  J.  Sci.  [2],  37,  352. 
Chem.  Centrbl.,  1864,  990. 
Jsb.,  1864,  702. 
Chem.  News,  10,  195. 
Ztschr.  Chem.  [N.  S.J,  i,  14. 
Ztschr.  anal.  Chem.,  3, 394. 
J.  prakt.  Chem.,  94,  123. 
Bull.  soc.  chim.  [2},  4,  360. 
Ann.  Chem.,  Liebig,  131,  359. 
Jsb.,  1864,'  1^5  and  702. 
Bull.  soc.  chim.  [2],  3,  385. 
Phil.  Mag.  [4],  29,  376. 
Ztschr.  anal.  Chem.,  5,  iii. 
Ann.  der  Phys.,  Pogg.,  118,  503. 
Ztschr.  anal.  Chem.,  3,  369. 
Thesis,  Gottingen. 
Compt.  rend.,  59,  270. 
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Bull.  soc.  chim.  [2],  2,  339. 
Chem.  News,  10,  230. 
Ztschr.  anal.  Chem.,  5,  112. 
Jsb.,  1864,  703. 
Quoted  by  Rammelsberg   Min. 

Ch.,  1875,  251. 
Arch.  ph.  nat.,  21,  97. 
Bull.  soc.  chim.  [2],  3,  417. 
Ann.  Chem.,  Liebig,  234,  99. 
Ztschr.  Chem.,  8,  266. 
J.  prakt.  Chem.,  94,  297. 
Ann.  der  Phys.,  Pogg.,  124,  635. 
Chem.  News,  11, 159, 172,  &  193. 
Jsb.,  1864,  196. 

Ann.  Chem.,  Liebig,  132,  227.  ' 
J.  prakt.  Chem.,  93,  106. 
Bull.  soc.  chim.  [2],  3,  187. 
Bull.  Soc.  Moscow,  38,  467. 


Traits  de  Chimie,  2,  737. 
Med.  Times  and  Gaz.,  1865. 
Pharm.  J.  [2],  7,  39. 
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References. 

1865 

Delafontaine  . 

Carbide,  etc. 

Arch.  ph.  Nat.,  22,  38. 
J.  prakt.  Chem.,  94,  304. 
Jsb.,  1865,  176. 
Chem.  News,  11,  253. 

1865 

WiNKLBR   .... 

Separation  of 

J.  prakt.  Chem.,  95,  410. 

cerium  from 

Bull.  soc.  chim.  [2 J,  6,  204. 

lanthanum. 

Jsb.,  1865,  708. 
Ztschr.  anal.  Chem.,  4,  417. 
Chem.  Centrbl.,  1865,  1007. 
Chem.  News,  15,  178. 

1865 

Ullik 

Cerium  sili- 

Ber.  Akad.  Wissen.  Wien,  53, 

cide. 

Jsb.,  1865,  186. 
Ztschr.  Chem.,  1866,  60. 
Chem.  Centrbl.,  1865,  1045. 

186s 

Church 

Cerium 

J.  Chem.  Soc.,  18,  259. 

phosphate  in 

J.  prakt.  Chem.,  97,  364. 

Cornwall. 

Chem.  News,  X2,  121. 

1865 

G.  Williams  .  . 

Note  on 
churchite. 

Chem.  News,  12,  183. 

1866 

Bahr  and 

Est'm'n  ce- 

Ann. Chem.,  Liebig,  137,  29. 

BUNSEN. 

rium  in  earth 
mixtures. 

Ztschr.  anal.  Chem.,  5,  no. 

1866 

R.  DeLuna  .  .  . 

Cerium  in 

Compt.  rend.,  63,  220. 

apatite. 

J.  prakt.  Chem.,  97,  59. 
Jsb.,  1866,  946. 

1866 

J.  D.  Dana  .  .  . 

Identity  of 

turnerite  and 

monazite. 

Am.  J.  Sci.  [2],  42,  420. 

1867 

Stolba   

Separation. 

Ztschr.  anal.  Chem.,  7,  104. 

1867 

Pattison  and 

Separation 

Chem.  News,  16,  259. 

Clarke. 

from  lan- 

Jsb., 1867,  844. 

thanum,  etc. 

Ztschr.  Chem.  [N.  S.],  4,  191. 
Ztschr.  anal.  Chem.,  7,  249. 
Arch.  ph.  nat,  31,  335. 
Bull.  soc.  chim.  [2],  10,  29. 

1867 

Marignac    .  .  . 

Analysis  of 

Bibl.  Univ.,  29,  ?82. 

aeschynite. 

Arch.  ph.  nat.,  May,  1867. 

, 

Ztschr.  Chem.,  10,  725. 

1867 

Wohler 

Metallic  ce- 

Ann. Chem.,  Liebig,  144,  251. 

rium. 

Jsb.,  1867,  197. 

Ann.  chim.  phys.  [4],  13,  505. 

Bull.  soc.  chim.  [2],  9,  463. 

J.  prakt  Chem.,  104,  185. 

Am.  J.  Sci.  M,  45.  254- 
Phil.  Mag.  [4],  35,  454- 

Drug.  Cir.  and  Chem.  Gaz.,  la. 

255. 
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1867 
1868 
1868 
1868 

1868 


1869 
1869 

1869 

1869 
1870 

1870 

1870 

1870 


C.  D.  Braun  .  . 

NORDENSKIOLD 
Ekman  .... 
Descloizeaux 


Wolf 


Thalen  .  . 
2^chiesche 


Hermann.  .  . 

Von  Rath   .  . 
Rammelsberg 

Nylander   .  . 

Wing 


SdNNENSCHEIN 


1870    Erk 


Estimation 

cerium. 
Bastnasite  or 

harmatite. 

Cerium  in 

coal  ash. 
Optical  prop- 
erties of 

wohlerite. 
Atomic  mass. 


Spectrum. 
Salts. 


Analysis  ceri 
um  minerals. 

Orthite. 

Yttrocerite. 

Hielmite. 

Analysis  of 

eucolite. 
Double  sul- 
phates. 


Action  on 
alkaloids. 


Separation 
methods,  etc. 


Ztschr.  anal.  Chem.,  6,  63. 

Ofv.  Ak.  Stockh.,  25,  399. 

Ofv.  Sv.  Vet.  Akad.  Forhandl., 

1868,  151. 
Ann.  chim.  phys.  [4],  13,  425. 

Am.  J.  Sci.  [2],  46,  53. 
Ztschr.  Chem.  [N.  S.J,  4,  671. 
Jsb.,  1868,  200. 
Arch.  ph.  nat,  34,  357. 
Ztschr.  anal.  Chem.,  8,  525. 
Bull.  soc.  chim.  [2],  12,  130. 
Nova  Acta  Reg.  Soc.  Sci.  Upsal. 

[3].  vol.  6. 
Ann.  chim.  phys.  [4],  18,  238. 
J.  prakt.  Chem.,  107,  65. 
Bull.  soc.  chim.  [2],  13,  232. 
Ztschr.  Chem.,  23,  40. 
Ztschr.  anal.  Chem.,  9,  540. 
Jsb.,  1869,  256. 
Chem.  News,  20,  118. 
J.  prakt.  Chem.,  X07, 129  and  139. 

Ann.  der  Phys.,  Pogg.,  138,  492. 

Ber.,  3,  857. 

Ber.,  3,  926. 

Act.  Univ.  Lund.,  2. 

Jsb.  Min.,  1870,  488. 

Am.  J.  Sci.  [2],  49,  356. 

Bull.  soc.  chim.  [2],  14,  202. 

Jsb.,  1870,  325. 

Ztschr.  Chem.,  1870,  597. 

Chem.  Centrbl.  [3],  2,  185. 

Ber.,  3,  631. 

Bull.  soc.  chim.  [2],  14,  201. 

Chem.  News,  22,  130. 

Ztschr.  anal.  Chem.,  9,  494. 

Jsb.,  1870,  327. 

Ztschr.  Chem.,  1870,  710. 

Chem.  Centrbl.  [3],  2,  477. 

Jenaische  Ztschr.  Med.  Nat.,  6, 

299. 
Ztschr.  Chem.  [2],  7,  10 1. 
Ztschr.  anal.  Chem.,  10,  476. 
J.  Chem.  Soc,  24,  494. 
Bull.  soc.  chim.  [2],  16,  84. 
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1870 

Erk 

Separation 

Chem.  News,  23,  239. 

methods,  etc. 

Jsb.,  1870,319. 

Chem.  Centrbl.  [3],  2,  277  and 

..  752. 

Ofv.  Ak.  Stockb.,  27,  551. 

1870 

NORDBNSKIOLD  . 

AUanite. 

1870 

Mendelejeff    . 

Position 

Paper  before  a  Russ.  Soc,  1869 
(probably). 

in  periodic 

system. 

Bull,  de  TAcad.  de  St.  Pet.,  16, 

45- 
Ann.  Chem.,  Liebig,  Supp.8, 190. 
Ann.  Chem.,  Liebig,  168,  45. 
Ber.,  6,  558  (corresp.  St.  Pet). 
Ber.,  3,  991. 
J,  Chem.  Soc,  26,  1004. 

1871 

Dbscloizeaux  . 

Comp'n  of 
gadolinite. 

Ann.  des  Mines  [7],  I,  157. 

1871 

Von  Eath  .  .  . 

Monazite. 

Ann.  der  Phys.,  Pogg.,  Ergan- 
zungsband,  v.  413. 

1871 

Jehn 

Analysis  of 
euxenite. 

Inaug.  Diss.  Jena. 

1871 

Knop 

Koppite. 

Ztschr.  Geo.  Ges.,  23,  656. 

1871 

Von  Rath  .  .  . 

Crystal  or- 
thite. 

Ann.  der  Phys.,  Pogg.,  144,  579. 

1871 

Bullock   .... 

Prepar'n  of 

Am.  J.  Pharm.  [4],  i,  343- 

bromide. 

Chem.  Centrbl.  [3],  2,  594. 

1871 

Rammelsbbrg  . 

Separ'n  yttria 
and  ceria. 

Ber.,  4,  874. 

Analysis  of 

Ber.  Akad.  Monatsh.,  183. 

pyrochlore. 

Analysis  of 

Ber.  Akad.  Monatsh.,  425. 

polycrase. 

Analysis  of 

Ber.  Akad.  Monatsh.,  428. 

euxenite. 

Analysis  of 

Ber.  Akad.  Monatsh.,  406. 

fergusonite. 

Z872 

NORDKNSKIOLD  . 

Analysis  of 
nohlite. 

G.  For.  Fork.,  i,  7. 

1872 

Bauer  

Allanite. 

Ztschr.  Geo.  Ges.,  24,  385. 

1872 

J.  A.  Cabell  .  . 

Analysis  of 

allanite. 
Determin'n  in 

Chem.  News,  30,  141. 

1872 

Bammelsberg  . 

J.  Chem.  Soc.,  25,  194. 

tantalites. 

Ber.  Akad.  Monatsh.,  1872,  437. 

1872 

Rammelsberg  . 

Cerium  hypo- 

Ber.,  5,  494. 

phosphite. 

Jsb.,  1872,  208. 

J.  Chem.  Soc.,  26,  9. 

1872 

Rammelsberg  . 

Composition 
of  orthite. 

Ztschr.  Geo.  Ges.,  24,  60. 

1872 

L.  DjURBERG  .   . 

Ceria  a  test 

Upsala  Lakareform  Forhandl.,  6, 

for  strychnia. 

691.   . 

I8 


INDEX  TO  LITERATURE  OF  CERIUM. 


Date. 

Author. 

Remarks. 

References. 

1872 

L.  DjURBERO  .  . 

Ceria  a  test 

N.  Jahrb.  Pharm.,  36,  337. 

for  strychnia. 

Ztschr.  anal.  Chem.,  xi,  440. 
J.  Chem.  Soc,  2^,  845. 
Chem.  Centrbl.  [3],  3,  153. 

1872 

J.  W.  Taylor  .  . 

Separ'n  from 

zirconia  and 

iron. 

Am.  J.  Sci.  [3],  4,  230. 

1872 

Young 

Cerium  in 

Am.  J.  Sci.  [3],  4,  356. 

sun. 

Jsb.,  1872,  147. 

1873 

LOCKYER    .... 

Cerium  in 

Proc.  Roy.  Soc,  21,  512. 

sun. 

Ber.,  6,  1554. 
Compt.  rend.,  86,  317. 

1873 

LlNDSTROM   .   .   . 

Analysis  of 
cerite. 

Ofv.  Ak.  Stockh.,  30,  13. 

1873 

Rammelsberg  . 

Analysis  of 
wohlerite. 

Ann.  der  Phys.,  Pogg.,  150,  21  x. 

Analysis  of 

Ann.  der  Phys.,  Pogg.,  150,  200. 

yttrotantalite. 

X873 

Marignac    .  .  . 

Crystal  form 

Arch,  des  Sci.  de  la  Bibl.  Univ. 

of  salts. 

Ann.  chim.  phys.  [4],  30,  57. 
Arch.  ph.  nat.,  46,  193. 
Chem.  News,  a8,  45. 
J.  Chem.  Soc,  27,  24. 
Bull,  soc  chim.  [2],  20,  84. 
Jsb.,  1873,  57  and  263. 

1873 

Rammelsberg  . 

Position  in 

Ber.,  6,  84. 

periodic  sys- 

Bull. soc.  chim.  [2],  19,  363. 

tem. 

J.  Chem.  Soc,  26,  601. 
Chem.  News,  27,  117. 
Jsb.,  1873,  261. 
Ztschr.  anal.  Chem.,  13,  112. 

1873 

Nordensri5ld  . 

Crystal  form 
of  mineral. 

Ofv.  vet.  Forhandl.,  7,  13. 

Ber.,  7,  476. 

J.  Chem.  Soc,  27,  778. 

Jsb.,  1874,  1260. 

Ann.  der  Phys.,  Pogg.,  136,  628. 

1873 

Thomsen  .... 

Heat  of  neu- 

Ber., 7,  31. 

tralization. 

Bull,  soc  chim.  [2],  21,  563. 
J.  Chem.  Soc,  27,  430. 
Chem.  News,  29,  155. 
Jsb.,  1874,118. 

1873 

Stolba   

Action  of 

Bohm.  Ges.  d.  Wissens.,  1873. 

HjSiFfl  on  so- 

Bull. soc.  chim.  [2],  2X,  560. 
Chem.  Centrbl.  [3],  S,  130. 

lutions  of 

cerium  salts. 

J.  Chem.  Soc,  27,  1008. 
Ztschr.  anal.  Chem.,  X3,  59. 
Jsb.,  1873,  260. 

1874 

Radominsky  .  . 

Fluophos- 
pbate. 

Compt.  rend.,  78,  764. 
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References. 

1874 

Radominsky  .  . 

Fluophos- 

Bull.  soc.  chim.  [2],  ai,  3  and 

phate. 

293- 
Chem.  Centrbl.  [3],  5,  292. 
Chem.  News,  29,  113,  and  30^ 

21. 
Ber.,  6,  1557;  7,483;  8,184- 
J.  Chem.  Soc,  27,  663. 

1874 

K.  Kruis  .... 

Cerium-ani- 

Dingl. poly.  J.,  212,  347. 

line  black. 

J.  Chem.  Soc,  36,  682. 

1874 

Kirk 

Cerium-ani- 
line black. 
Analysis  of 
gadolinite. 
Analysis  of 

Dingl.  poly.  J.,  212,  349. 

1874 

LiNDSTRdM   .   .    . 

G.  For.  Forh.,  2,  218. 

1874 

PiSANI 

Dsc  Min.,  2,  13. 

gadolinite. 

1874 

Dblafontaine  . 

Valence. 

Arch.  ph.  nat.,  51,  45. 
Jsb.,  1874,  261. 

1874 

S.  JOLIN 

Cerium 

Bihang.   till  K.   Sv.   Vet  Ak. 

double  salts. 

Handl.,  2,  14. 
Bull,  soc  chim.  M,  21,  533. 
Chem.  Centrbl.  [3 J,  5,  513. 

Chem.  News,  30, 176. 

Jsb.,  1874,  255. 

187s 

BUHRIG 

Atomic 

J.  prakt.  Chem.  [2],  12,  209. 

mass,  etc. 

Jsb.,  1875,  204. 
Bull,  soc  chim.  [2],  26,  135. 
J.  Chem.  Soc,  29,  682. 
Am.  J.  Sci.  [3],  II,  142. 

187s 

NiLSON 

Selenites. 

Nova  Acta  Reg.  Soc  Sci.  Ups., 

3,92- 
Ben,  8,  655. 
Bull,  soc  chim.  [2],  27,  206  and 

246. 

187s 

HiLLEBRAND 

Metallic  ce- 

Ann. der  Phys.,  Pogg.,  156,  466. 

and  Norton. 

rium. 

J.  Chem.  Soc,  30,  276. 
Chem.  Centrbl.  [3],  6,  642. 
Jsb.,  1875,  202. 
Am.  J.  Sci.  [3],  12,  53. 

187s 

BOUSSINGAULT    . 

Phosphorus 

Dingl.  poly.  J.,  223,  72. 

in  iron  and 

Ann.  chim.  phys.  [5],  5,  178. 
Chem.  Centrbl.  [3J,  8,  236. 

steel  deter- 

mined by  aid 

of  cerium. 

187s 

Radominsky  .  . 

Artificial 

Compt.  rend.,  80,  304. 

production  of 

Bull,  soc  chim.  [2 J,  23,  177  and 

monazite, 

194. 

etc. 

187s 

Rammelsbsro  . 

Analysis  of 
samarskite. 

Min.  Ch.,  360. 
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1875 

187s 
1875 

187s 

187s 
1876 

1876 

1876 
1876 
1876 

1876 

1876 

1876 
1877 


1877 
1877 

1877 

1877 

1877 

1877 

1877 


Author. 


Swallow  .  .  . 

Paijkull  .  .  . 

Knop 

Phillips,  S.  £. 

Jul.  Philipp  . 

BUNSEN  .... 

Nord£nski5ld 

Schi5tz  .... 

Leonhard  . . 
Trechmann   . 

NiLSON     .... 

Ahl£n 

Rammblsbbrg 

NiLSON    .... 

Greenish  .  .  . 


Mallet  . 
Allen  .  . 

Damour 

Knop  .  . 

Damour  . 

ENGSTRdM 


Sjogren  . 


Remarks. 


Analysis  of 

samarskite. 

Analysis  of 

allanite. 

Koppite. 

Atomic  mass. 

Technical  use 

of  cerium. 

Spectrum 

analysis. 

Analysis  of 

thorite. 
Analysis  of 
crytolite. 
Analysis  of 
xenotime. 
Monazite. 
Monazite. 
Chlorplati- 

nates. 
Double  mer- 
cury chloride. 

Atomic  mass. 


Platinonitrite. 

Cerium  oxal- 
ate. 


Sipylite. 
Analysis  of 
samarskite. 
Analysis  of 
vietinghofite. 
Analysis  of 
dysanalyte. 
Analysis  of 
erdmannite. 
Analysis  of 

allanite. 

Analysis  of 

tritomite. 

Allanite. 


References. 


Proc.  Nat.  Hist.  Bost,  17,  424. 

Akad.  Afhandl.  Ups.,  27. 

Jsb.  Min.,  1875,  67. 
Chem.  News,  32,-176. 
Jsb.,  1875,  204. 
Hofmann's  Chem.  Ind.,  1015. 

Ann.  der  Phys.,  Pogg.,  155,  375. 
Ztschr.  anal.  Chem.,  15,  93. 
G.  For.  Forh.,  3,  228. 

G.  For.  Forh.,  3,  229. 

Jsb.  Min.,  1876,  306. 

Jsb.  Min.,  1876,  393. 

Jsb.  Min.,  1876,  593. 

Ber.,  9,  1056  and  1142. 

Jsb.,  1876,  292. 

Ofv.  af.  Sv.  Vet.  Akad.  Forh., 
No.  8. 

Bull.  soc.  chim.  [3],  27,  365. 

Ber.,  9,  1580. 

J.  Chem.  Soc,  31,  282. 

Jsb.,  1876,  240. 

Ber.,  9,  1728. 

J.  prakt.  Chem.  [2],  16,  241. 

Article  read  before  students  of 
School  of  Pharmacy,  published 
in  Pharm.  J.  M.  7»  909- 

Am.  J.  Pharm.  [4],  7,  405. 

Tsb.,  1878,  245. 

Am.  J.  Sci.  [3],  14,  397. 

Am.  J.  Sci.  [3],  14,  130. 


Bull.  Acad.  St  Pet.,  23, 463. 
Ztschr.  Kryst.,  z,  284. 
Ann.  chim.  phys.  [5],  Z2,  411. 
Akad.  Afhandl.  Upsal.,  1877. 
Akad.  Afhandl.  Upsal.,  1877. 
G.  For.  Forh.,  3,  258. 
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Author. 

Remarks. 

References. 

1877 

S.  R.  Paijkull  . 

Analysis  of 

mineral. 
Prepar'n  me- 

G. For.  Forh.,  3,  350. 

1877 

Frey 

Ann.  Chem.,  Liebig,  183,  367. 
Chem.  Centrbl.  [3],  8,  51. 

tallic  cerium. 

1877 

J.  L.  Smith  .  .  . 

Analysis 

Am.  J.  Sci.  [3],  13,  362. 
Ann.  chim.  phys.  [5],  12,  253. 

of  minerals 

containing 

cerium. 

1877 

Rammblsberg   . 

Monazite,  etc. 

Ztscbr.  Geo.  Ges.,  29,  79  &  815. 
Jsb.  Min.,  1877,  831. 
Jsb.,  1877,  1298. 

1877 

Jeremejew  .  .  . 

Monazite. 

Ztschr.  Kryst.,  i,  398, 

1877 

PiSANI 

Turnerite. 

Compt  rend.,  84,  462. 
Ztschr.  Kjyst.,  i,  405. 
Jsb.  Min.,  1877,  412. 

1878 

COSSA 

Cerium  in 

Atti  dei  Lincei,  1878. 

apatite. 

Ber.,  II.  1837. 

Chem.  Centrbl.  [3],  10,  128. 
Chem.  News,  38,  168. 
Compt.  rend.,  87,  377. 
Revue  Sci.,  1878,  15,  264. 
Jsb.,  1878,  245. 

1878 

Frsrichs  and 

Separation, 

Ann.  Chem.,  Liebig,  191,  337. 

Smith. 

etc 

Jsb.,  1878,  245. 

Ber.,  II,  804. 

Chem.  Centrbl.  [3],  9,  386. 

Chem.  News,  37,  250;  38.  59. 

Bull.  soc.  chim.  [2],  31,  316. 

J.  Chem.  Soc,  34,  647. 

1878 

Stolba   

Separ'n  ceri- 

Bohm. Ges.  d.  Wissen.,  1878. 

um  from  lan- 

Chem. Centrbl.  [3],  10,  595. 

thanum,  etc. 

Jsb.,  1878,  1059. 

1878 

Image 

Cerium 

Drug.  Circ.  and  Chem.  Gaz.,  22, 

oxalate  as 

170. 

medicine. 

1878 

Blomstrand  .  . 

Analysis  of 
polycrase. 

Minnesskrift  Sallsk.  Lund.,  3, 19, 

1878 

Santos 

Analysis  of 
allanite. 
Freyalite. 

Chem.  News,  38,  95. 

1878 

Damour 

Bull.  soc.  Min.,  i,  33. 

1878 

Lettsom    .... 

Rhabdo- 

Ztschr.  Kryst,  3,  191. 

phane. 

Proc.  cryst.  soc,  1882,  105. 

1878 

BOISBAUDRAN  .    . 

Rhabdo- 

Compt.  rend.,  86,  1028. 

phane. 

Ztschr.  Kryst.,  3,  191. 
Jsb.,  1878,  1228. 

1878 

LlNDSTROM    .    .    . 

Analysis  of 
cleveite. 

G.  For.  Forh.,  4,  28. 

1879 

Engstrom.  .  .  . 

Analysis  of 

Ztschr.  Kryst,  3,  191. 

orthite. 

Jsb.,  1879,  1209. 
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1879 

BUHRIG 

Cerium-ani- 

Dingl. poly.  J.,  231,  77. 

line  black. 

J.  Chem.  Soc,  36,  682. 

1879 

Stolba  and 

Analysis  of 

Bohm.  Ges.  d.  Wissens.,  372. 

Kettnsil 

cerite. 

1879 

Stolba  

Volumetric 

Bohm.  Ges.  d.  Wissens.,  July  4, 

determination 

1879. 

of  cerium. 

Ztschr.  anal.  Chem.,  19,  194. 
Chem.  Centrbl.  [3],  10,  812. 
Bull.  soc.  chim.  [2],  36,  1 18. 

J.  Chem.  Soc,  38,  749. 

Chem.  News,  41,31. 
Chem.  Centrbl.  [3],  13,  826. 

Jsb.,  1879,  1044;  1880,  1 178. 

1879 

SORET 

Fluorescence 

Compt.  rend.,  88,  1077. 

of  cerium 

Ber.,  12,  2078. 

salts. 

1879 

SCHUCHARDT   .   . 

Metallic  ce- 
rium. 

Chem.  News,  40,  35. 

1879 

Cleve • 

Cerium  chlo- 

Of V.  Af .  K.  Sv.  Vet.  Ak.  Handle 

rostannates. 

5>9- 
Bull.  soc.  chim.  [2],  31,  195. 
Ber.,  12,  837. 

Chem.  Centrbl.  [3],  10,  274. 
J.  Chem.  Soc,  36,  602. 

1879 

Hermann.  .  .  . 

Specific  grav- 

J. prakt.  Chem.  [2],  19,  172. 

ity  and  atom- 

Ber., 12,  1013. 

ic  volume. 

J.  Chem.  Soc,  36,  579. 

1879 

HuMPiDGE  and 

Analysis  of 

J.  Chem.  Soc,  35,  117. 

BURNEY. 

g:adolinite. 

1879 

COSSA 

Diffusion  of 

Accad.  d.  Lincei,  vol.  3. 

cerium. 

Gazz.  chim.,  9,  ii8. 
Compt.  rend.,  87,  377. 
Chem.  Centrbl.  [3],  10,  393. 

Chem.  News,  40,  90. 

Ber,  12,  362. 

1 

J.  Chem.  Soc,  36,  695. 
Bull,  soc  chim.  [2],  32,  295. 
Nature,  19,  424. 
Jsb.,  1879,  241  and  1179. 
Ztschr.  Kryst.,  3,  447. 

1880 

CoSSA 

Cerium  in 

Gazz.  chim.,  10,  465. 

plants. 

Ber.,  13,  2414. 

J.  Chem.  Soc,  40,  224- 

1880 

Stolba  

Analysis  of 

Bohm.  Ges.  d.  Wissens.,  1880. 

cerite. 

Jsb.,  1880,  1441. 

1880 

£.  F.  Smith  .  .  . 

Electrolytic 
study  of 
cerium. 

Ber.,  13,  754. 
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1880 

CO6SA 

Cerium 

Gazz.  chim.,  10,  225. 

wolframate. 

Ber.,  13,  1861. 

J.  Chem.  Soc.,  38,  851. 

Compt.  rend.,  loa,  1315. 

Chem.  Centrbl.  [3],  11,  789. 

Jsb.,  1880,  294. 

Nature,  aa,  542. 

1880 

MAYENgON    .  .  . 

Cerium  in 

Compt  rend.,  91,  669. 

coal  of 

Chem.  News,  43,  258. 

St.  Etienne. 

J.  Chem.  Soc,  40,  21. 
Jsb.,  1880,  293. 

1880 

NiLSON 

Plato-iodo- 

J.  prakt.  Chem.  [2],  az,  172. 
Chem.  Centrbl.  [3],  ii,  261. 

nitrite. 

1880 

SCHIAPARELLI 

Cerium  in 

Gazz.  chim.,  10,  390. 

and  Perroni. 

urine,  etc. 

Jsb.,  1880,  1 1 14. 

1880 

Allen  and 

COMSTOCK. 

Tysonite. 

Am.  J.  Sci.,  19,  390. 

1880 

NiLSON  and 

Sp.  gr.,  sp. 

Ofv.  af.  S  v.Vet.  Akad.  Forh.,  6, 45- 

Pettersson. 

heat,  mol.  vol., 

Ber.,  13,  1459. 

mol.  heat. 

Compt.  rend.,  91,  232. 
Jsb..  1880,  237. 

1880 

Edetor 

Use  of  cerium 

Drug.  Circ.  and  Chem.  Gaz.,  34^ 

oxalate  for 

166. 

a  cough. 

1881 

Mendelejeff.  . 

Cerium  in 

I^-otok.  d.  j.  d.  russ.  phys.  chenu 

periodic  sys- 

Ges., 517. 

tem. 

Ber.,  14,  2821. 

188 1 

BRdGOER     .... 

Annerodite. 

G.  For.  Forh.,  5,  354. 

188 1 

Genth 

Analysis  of 
allanite. 

Min.  N.  C,  45- 

1881 

Descloizeaux  . 

Optical  prop- 
erties of 
monazite.. 

Bull,  soa  min.,  4,  57. 

1881 

LiNDSTRdM   .   .   . 

Analysis  of 
thorite. 

G.  For.  Forh.,  5,  500. 

1881 

DUNNINGTON  ..  . 

Analysis  of 
microlite. 

Am.  Chem.  J.,  3,  130. 

188 1 

J.  Bennet 

Ammonium 

Ber.,  14,  102  T. 

McKay. 

cerium  cit- 
rate. 

Chem.  Centrbl.  [3],  13,  607. 

1881 

Brauner  .... 

Cerium  tetra- 

Article  read  at  Salzburg,  Sept. 

fluoride. 

21,  1881. 
Ber.,  14,  i944»  and  15,  109. 
Chemiker  Zeit.,  1881,  791. 
Monatsh.  Chem.,  3,  1. 
Ber.  Wien.  Acad.,  84,  1165. 
Chem.  News,  46,  249. 
Ann.  Phys.,  Beibl.,  6,  418. 
Nature,  35,  568. 
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1881 

Brauner  .... 

Cerium  tetra- 

Jsb.,  i88x,  220. 

fluoride. 

Monit.  Scientif.  [3],  12,  595. 

1881 

Clarke,  F.  W.  . 

Atomic  mass. 

Phil.  Mag.  [5],  12,  107. 
Am.  Chem.  J.,  3,  263. 
Jsb.,  1881,  7. 

1882 

LORENZEN.   .   .    . 

Analysis  of 
eudialyte. 

Min.  Mag.,  5,  61. 

1882 

Page 

Analysis  of 
allanite. 

Chem.  News,  46,  195. 

1882 

DUNNINGTON  .   . 

Anal)'sis  of 
allanite. 

Am.  Chem.  J.,  4,  139. 

1882 

KOENIG 

Analysis  of 
allanite. 

Proc.  Acad.  Phil.,  103. 

1882 

Fontaine  .... 

Analysis  of 
monazite. 

Am.  Chem.  J.,  4,  140. 

1882 

Penfield  .... 

Analysis  of 
monazite. 

Am.  J.  Scu  [3],  24,  250. 

1882 

Hartley  .... 

Qualitative 

J.  Chem.  Soc,  42,  202. 

test  for  ceri- 

Chem. News,  45,  40. 

um,  etc. 

Bull.  soc.  chim.  [2  ,  37, 399. 
Chem.  Centrbl.  [3],  13,  151. 

Ber.,  15,  1439- 

Jsb.,  1882,  281. 

1882 

Mendelejsff    . 

Cerium  in 

Z.  rusk.  chim.  obst,  23,  5x7. 

periodic  sys- 

Bull. soc.  chim.  [2],  38,  139. 
Chem.  Centrbl.  [3J,  23,  209. 

tem. 

Jsb.,  1882,  287. 

1882 

BOISBAUDRAN  .   . 

Separation 

Compt  rend.,  94,  1439. 

from  gallium. 

Jsb.,  1882,  1296. 

1882 

WOITSCHACH    .   . 

Analysis  of  a 
zircon  con- 
taining ceria. 

Ztschr.  Kryst.,  7,  87. 

1882 

Hoffmann  .  .  . 

Analysis  of 
samarskite. 
Analysis  of 

Am.  J.  Sci.  [3],  24,  475- 

1882 

Seamon 

Chem.  News,  46,  205. 

euxenite. 

Analysis  of 
fergusonite. 
Chemistry  of 

Chem.  News,  46,  204. 

1882 

Elworthy  .  .  . 

Drug.  Circ.  and  Chem.  Gaz.,  26, 

cerium. 

54. 

1882 

Brauner  .... 

On  cerite 

Monatsh.  Chem.,  3,  486. 

earths. 

J.  Chem.  Soc,  41,  68. 

Ber.,  15,  115. 

Chem.  Centrbl.  [3],  23,  84,  150, 

and  616. 
Bull.  soc.  chim.  [2],  38,  176. 
Chem.  News,  46,  268. 
Jsb.,  1882,  21. 
Ber.  Wien.  Acad.,  86,  168. 
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1883 

Von  Welsbach  . 

Separation  of 

Monatsh.  Chem.,  4,  630. 

earths. 

Jsb..  1883,  357. 

Ofv.  af.  K.  Sv.  Vet.  Akad.  Forh., 

1883 

Walroth  .... 

Phosphate. 

3»  21. 

Bull.  soc.  chim.  [2],  39,  316. 
Compt.  rend.,  90,  828. 

1883 

Debray 

Separation 

method. 

Ber.,  16,  1096. 
Chem.  News,  47,  199. 
J.  Chem.  Soc,  44,  713. 
Jsb..  1883,  353. 

1883 

Archs.  .  .  •  .  • 

Decomposi- 

Monatsh. Chem.,  4,  913. 

tion  of  a  ceri- 

Ben, 17.C,  66. 

um  mineral. 

J.  Chem.  Soc.,  46,  557. 

Jsb.,  1883,  1879. 

Chem.  Centrbl.  [3],  15,  319. 

1883 

LivsiNG  and 

Cerium  in  the 

Proc.  Roy.  Soc,  33,  428. 

Dewar. 

sun. 

Phil.  Mag.  [s],  16,  406. 

1883 

Cleve  

Separation 

Bull.  soc.  chim.  [2],  39,  152. 

from  lantha- 

Jsb., 1883,  36. 

num,  etc. 

1883 

Brush  and 

Penfield. 

Scovillite. 

Am.  J.  Sci.  [3],  25,  459. 

1883 

Brauner  .... 

Chemistry  of 

J.  Chem.  Soc,  43,  278. 

cerite  earths. 

Bull.  soc.  chim.  [2],  42,  309,  and 

641. 
Am.  Chem.  J.,  5,  300. 
Jsb.,  1883,  354. 

1884 

Robinson  .... 

Atomic  mass. 

Proc.  Roy.  Soc,  37,  150. 

Chem.  News,  50,  251,  272,  284. 

Ber.,  X7.C,  565. 

Ztschr.  anal.  Chem.,  25,  148. 

Jsb.,  1884,  49- 

J.  Chem.  Soc,  48,  217. 

1884 

HOGBOM 

Na8Ce,.7Wo4 

Bull.  soc.  chim.  [2],  42,  5. 

1884 

LORENZEN.   .   •   . 

Rinkite. 

Ztschr.  Kr}'st.,  9,  248. 

1884 

Tyson 

Tysonite. 

Am.  J.  Sci.  [3],  27,  481. 

1884 

Blomstrand  .  . 

Analysis  of 
broggerite. 

G.  For.  Forh.,  7,  60. 

1884 

Hartley  .... 

Analysis  of 

J.  Chem.  Soc,  45,  167. 

scovillite. 

Ber.,  17.C,  520. 

1884 

Von  Welsbach  . 

Extraction 

Monatsh.  Chem.,  5,  508. 

from  mineral. 

J.  Chem.  Soc,  48,  350- 

1884 

BOISBAUDRAN  .   . 

Separation 

Compt.  rend.,  99,  525. 

from  thorium. 

1 

Ber.,  17.C,  507. 

Chem.  News,  50,  201,  and  51, 

Chem.  Centrbl.  [3],  15,  805. 

Jsb.,  1884,  1594. 

Bull.  soc.  chim.  [2],  43,  79. 
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1884 

Haushofkr.  .  . 

Microscopic 

Ber.,  17.C,  182. 

examination 

Jsb.,  1884,  1551. 

of  salts. 

1885 

BrOgger   .... 

Cappelenite. 

G.  For.  Forh.,  7,  599. 

1885 

Memminger    .  . 

Analysis  of 
allanite. 

Am.  Chem.  J.,  7,  177. 

188s 

MiERS 

Monazite  in 
Cornwall. 

Min.  Mag.,  6,  164. 

1885 

Cleve  

Action  of  hy- 

Bull. soc.  chim.  [2],  43,  57. 
J.  Chem.  Soc,  48,  635. 

drogen  perox- 

ide on  ceria. 

Jsb.,  1885,  491. 

1885 

BOISBAUDRAN  .    . 

Action  of  hy- 

Compt. rend.,  100,  605. 

drogen  perox- 

J. Chem.  Soc,  48,  635. 

ide  on  ceria. 

Chem.  News,  51,  148. 
Jsb.,  1885,  493. 

1885 

Grandeau   .  .  . 

Anhydrous 

Compt.  rend.,  100,  1134. 

chloride. 

Bull.  soc.  chim.  [2],  44,  49. 
Jsb.,  1885,  436. 

1885 

Braunbr  .... 

Atomic  mass. 

Monatsh.  Chem.,  6,  785. 
J.  Chem.  Soc,  47,  879. 
Ber.,  18.C,  605,  698. 
Chem.  News,  55,  261. 
Bull.  soc.  chim.  [2],  46,  331. 
Ztschr.  anal.  Chem.,  25,  611. 
Jsb.,  1885,  32. 

1885 

Eakins 

Analysis  of 

gadolinite, 

etc. 

Proc  Col.  Soc,  a,  32. 

1885 

Iddings  and 

Wide  dis- 

Am. J.  Sci.  [3],  30,  108. 

Cross, 

tribution  of 
allanite. 

1885 

DiDIER 

Sulphide,  etc. 

Compt.  rend.,  100,  1461. 
Ber.,  iS.c,  428. 
J.  Chem.  Soc,  48,  955. 
Chem.  News,  52,  35. 
Bull.  soc.  chim.  [2],  44,  49. 
Jsb.,  1885,  494. 

1885 

Didier 

Chloride,  etc. 

Compt.  rend.,  loi,  882. 
J.  Chem.  Soc,  50,  123. 
Jsb.,  1885,  494. 

1885 

Von  Welsbach  . 

Separation 

Monatsh.  Chem.,  6,  477. 

method. 

J.  Chem.  Soc,  48,  11 13. 
Jsb.,  1885,  478. 
Chem.  News,  52,  49. 

1886 

Sella 

Tungstate. 

Gazz.  chim.,  16,  234. 

1886 

Rammelsberg  . 

Analysis  of 
eudialite. 

Ber.  Akad.  Ber.,  441. 

1886 

Bailey 

Koppite. 

J.  Chem.  Soc,  49,  153. 

Ann.  Chem.,  Liebig,  232,  357. 
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1886 

SCHARIZBR    .  .   . 

Optical  prop- 
erties of  mon- 
azite. 

Ztschr.  Kryst,  la,  255. 

1886 

Weibull  and 

Analysis  of 

G.  For.  Forh.,  8,  496. 

TiDIN. 

fluocerite. 

1886 

Strohecker  .  . 

Cerium  in 

J.  prakt.  Chem.  [2],  33,  132  and 

Hainstadt 

260. 

clay. 

Ber.,  19,  1099 ;  19.C,  234. 

J.  Chem.  Soc,  50,  314  and  424. 

Chem.  News,  53,  136. 

Arch.  d.  Pharm.  [3],  25,  775. 

Chem.  Centrbl.  [3],  18,  1369, 

Jsb.,  1886,  407. 

1886 

SCHERTBL  .... 

Criticism  of 

Ber.,  19,  1368. 

Strohecker. 

T.  Chem.  Soc,  50,  679. 
jsb.,  i886,  407. 

1886 

Blomstrakd  .  . 

Criticism  of 

J.  prakt  Chem.  [2],  33,  483. 

Strohecker. 

J.  Chem.  Soc,  50,  678. 
Jsb.,  1886,  407. 

1886 

GORCBIX     .... 

Monazite  in 

Rev.  Sci.  [3],  II,  603. 

Brazil. 

Ace  dei  Lincei,  1885. 

1886 

COSSA 

Cerium  tung- 

Gazz.  Chim.,  16,  284. 

state  and 

Compt.  rend.,  102,  1315. 

molybdate. 

J.  Chem.  Soc,  50,  772  and  981. 
Ber.,  19.C,  482. 
Chem.  News,  S3,  311. 
Jsb.,  1886,  401. 

1886 

DiDIBR 

Tungstate, 

Compt.  rend.,  102,  823. 

etc. 

J.  Chem.  Soc,  50,  595. 
Rev.  Sci.  [3],  II,  473. 
Jsb.,  1886,  400. 

Ann.  Sci.  de  TEcole  Normale 
Sup,,  1887,  65. 

1886 

Robinson  .... 

Color  of 

Chem.  News,  54,  229  and  287. 

eerie  oxide. 

Jsb.,  1886,  402. 

Ztschr.  anal.  Chem.,  27,  132. 

Ber.,  20.C,  44- 

1886 

NORDENSKlttLD  . 

Analysis  of 
cenosite. 

G.  For.  Forh.,  8,  143. 

1886 

Rammelsberg  . 

Analysis  of 
eucolite. 

Ber.  Akad.  Ber.,  441. 

Analysis  of 

Min.  Chem.,  Erg.,  269. 

keilhauite. 

1886 

Hidden  

Monazite  in 
N*th  Carolina. 

Am.  J.  Sci.  [3],  32,  207. 

1886 

Strohecker  .  . 

Reply  to 

Chem.  News,  54,  7. 

Blomstrand. 

J.  Chem.  Soc,  52,  119. 

1887 

LiNDSTRdM   .  .  . 

Anderbergite. 

G.  For.  Forh.,  9,  28. 

1887 

Brogger   .... 

Cappelenite. 

G.  For.  Forh.,  9,  252. 
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1887 

Brogger  

Rosenbusch- 

ite. 
Calcio-thorite. 

G.  For.  Forh.,  9,  254. 

G.  For.  Forh.,  9,  258. 

1887 

Weibull    .... 

Hielmite. 

G.  For.  Forh.,  9,  371. 

1887 

Blomstrand  .  . 

Xenotime. 

G.  For.  Forh.,  9,  185. 

1887 

KOENIG 

Samarskite. 

Quoted  by  G.  H.  Williams  in 
"  Minerals  of  Baltimore." 

1887 

Rammelsberg  . 

Analysis  of 
gadolinite. 
Doubt  of 

Ber.  Akad.  Her.,  549. 

1887 

HuTCHiNS  and 

Proc.  Am.  Acad.  Arts  and  Sci.^ 

Holden. 

presence  of 

vol.  23. 

cerium  in  sun. 

Phil.  Mag.  k],  24,  325. 
Am.  J.  Sci,|;3],  34,451. 

Jsb.,  1887,  343.  ^ 

X887 

Willgerodt  .  . 

Use  of  cerium 

J.  prakt.  Chem.  [2],  35,  393. 

chloride  as  a 

Jsb.,  1887,  6x8. 

substitution 

agent. 

1887 

Meyer  and 

Action  of 

Ber.,  20,  681. 

WiLKINS. 

carbon  tetra- 
chloride on 
cerium  oxide. 

Jsb.,  1887,  379. 

1887 

Blomstrand 

Analysis  of 

Lund.  Univ.  Arsskrift,  24,  No.  3. 

-88 

and  Wallin. 

gadolinite. 

1888 

Vrba 

Monazite. 

Ztschr.  Kryst.,  15,  203. 

1888 

Strohecker  .  . 

Process  for 

Chem.  News,  56,  175. 

obt'g  cerium 

J.  Chem.  Soc,  54,  28. 

from  Hain- 

stadt  clay. 

1888 

Price 

Tscheffkinite. 

Am.  Chem.  J.,  10,  38. 

1888 

Carnelly 

Relations  of 

J.  Chem.  Soc,  53,  70. 

and  Walker. 

eerie  oxide 
to  heat. 

Jsb.,  1888,  459- 

1888 

Ed.  Eng.  and 

Use  of  rare 

Eng.  and  Min.  J.,  1888,  46,  i. 

Min.  J. 

earths. 

1888 

FORMANfiK    .    .   . 

Analytical 

Chemiker  Zeit.,  12,  127. 

method  for 

J.  Anal.  Chem.,  2,  419. 

cerite. 

• 

1888 

Williams  .... 

Cerium  quino- 

Chem.  News,  58,  199. 

line  nitrate. 

J.  Chem.  Soc,  55,  281. 

Jsb.,  1888,  11*77.                                                1 

1888 

Cheesman    .  .  . 

Ce/COO 

in  medicine. 

Pharm.  Era,  2,  302. 

1888 

HiLLEBRAND    .    . 

Alvite. 

Proc.  Soc  Col.,  3,  38. 

1888 

Penfield 

Analysis  of 

Am.  J.  Sci.  [3],  36,  322. 

and  Sperrv. 

monazite. 

1 

1888 

Dixon  

Monazite. 

Minerals,  N.  S.  Wales,  1 14. 

1888 

OUVRARD  .... 

Phosphates. 

Compt.  rend.,  107,  37. 

Ber.,  21. c,  600. 
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1888 

OUVRARD    .... 

Phosphates. 

J.  Chem.  Soc,  54,  1037. 

Chem.  News,  58,  36. 

Chem.  Centrbl.  [3J,  19,  1078. 

Jsb.,  1888,  567. 
Phil.  Mag.  [s],  25,  3. 

1888 

Love 

Cerium  in 

sun. 

Jsb.,  1888,  435. 

1888 

KLtJSS 

Sulphite. 

Ann.  Chem.,  Liebig,  246,  220. 
Jsb.,  1888,  481. 

1888 

Brauner  .... 

Density  of 

J.  Chem.  Soc,  53,  357. 

cerium  sul- 

Ber., 21.C,  561. 

phate  solu- 

Chem. News,  57,  90. 

Chem.  Centrbl.  [3],  19,  462  and 

tions. 

1 166. 

Bull.  soc.  chim.  [2],  50,  536. 

Jsb.,  1888,  157. 

1889 

Blomstrand  .  . 

Analysis  of 

G.  For.  Forh.,  9,  160. 

monazite. 

Jsb.  Min.,  2,  44. 

J.  Chem.  Soc,  58,  iii. 

Chem.  Centrbl.  [4],  i,  934. 

1889 

Johnson   .... 

Cerium  meta- 

Ber.,  22,  976. 

phosphate. 

Bull.  soc.  chim.  [3],  2,  498. 
J.  Chem.  Soc,  55,  756. 

1889 

Derby 

Monazite  in 
Brazil. 

Am.  J.  Sci.  [3],  37,  109. 

1889 

HOBBS 

Allanite  in 
epidote. 

Am.  J.  Sci.  [3],  38,  223. 

1889 

Hidden  and 

Yttrialite. 

Am.  J.  Sci.  b],  38,  477. 
Am.  J.  Sci.  [3],  38,  480. 

Mackintosh. 

Thorogum- 

mite. 

1889 

Genth    

Gadolinite. 

Am.  J.  Sci.  [3],  38,  198. 
Am.  J.  Sci.  [3],  38,  203. 

Monazite. 

1889 

Dunnington  .  . 

Action  hydro- 
gen peroxide. 

Ztschr.  anal.  Chem.,  28,  339. 

1889 

Wyrouboff.  .  . 

Acid  sul- 

Bull. soc.  chim.  [3],  2,  745. 

phates. 

Ber.,  23.C,  87. 
J.  Chem.  Soc,  58,  452. 
Chem.  News,  61,  109. 
Chem.  Centrbl.  [4],  2,  i,  156. 
J.  Am.  Chem.  Soc,  12,  70. 
Jsb.,  1889,  464. 

1889 

Gardner  .... 

Cerium  in 
medicine. 

J.  Chem.  Ind.,  8,  304. 

1890 

Brogger,  a  long 

Analysis  of 

Ztschr.  Kryst,  16,  68. 

article  in  which 

xenotime. 

several     scien- 

Analysis of 

Ztschr.  Kryst,  16,  74  and  129. 

tists  are  quoted. 
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and  eucra- 
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Weibull   .... 

Crystal 
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G.  For.  Forh.,  12,  535. 
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Am.  J.  Sci.  [3],  40,  384. 
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U.  S.  Geo.  Surv.  Bull.,  78,  43. 

1890 

Bettendorf  .  . 

Study  of 

Ann.  Chem.,  Liebig,  256,  159; 

earths  of  ce- 

263,  164 ;  270,  376. 
Chem.  Centrbl.  [4],  2,  i,  707, 

etc. 
Bull.  soc.  chim.  [3],  4,  669 ;  8, 

rite  group. 

296;  9,771. 

Ber.,  23.C,  226,  etc. 

J,  Chem.  Soc.,  58,  851 ;  60,  984  ; 

62,  1400. 

Chem.  News,  63, 159, 172  and  i8o. 

Ztschr.  anorg.  Chem.,  3,  334. 

1890 

COMSTOCK.    .   .    . 
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Texas. 

Eng.  and  Min.  J.,  49,  386. 

1891 

Winkler  .... 
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Ber.,  24,  873. 
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Bull.  soc.  chim.  [3],  6,  168. 
J.  Chem.  Soc,  60,  802. 

189 1 

Behrens  .... 
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Recueil  des  travaux  chim.,  5,  9. 

cal  applica- 
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Ztschr.  anal.  Chem.,  30,  144. 

INDEX  TO  UTERATURE  OF  CERIUM. 


31 


Date. 

Author. 

References. 

189 1 

Waller 

Welsbach 
light. 

Eng.  and  Min.  J.,  51,  519. 

1891 

Eakins 

Tscheffkinite. 

Am.  J.  Sci.  [3],  42,  36. 

X891 

Francklyn.  .  . 

Monazite  in 
Belgium. 

Bull.  Soc.  Belg.,  21,  40. 
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1891 
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Crystallogra- 
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SCHOTTLANDER  . 

Ber.,  25,  378  and  569. 

um  group. 

Bull.  soc.  chim.  [3],  9,  n. 
Ztschr«  anorg.  Chem.,  i,  256  and 

330- 
J.  Chem.  Soc.,  62,  686. 
Chem.  News,  65,  205  and  219. 
Chem.  Centrbl.  [4],  4,  i,  521  and 

661. 

1893 

Nordenski5ld  . 

Molecular 

J.  prakt.  Chem.  [2],  47,  i. 
Chem.  Centrbl.  [4],  5,  i,  338. 

weights  of  gad- 

olinite  earths. 

1^3 

L.  LuMikRS .  .  . 

Cerium  in 

Compt.  rend.,  116,  574. 

photography. 

Ber.,  26.C,  265. 
Chem.  Centrbl.  [4],  5,  i,  716. 
Rev.  Sci.  [3],  25,  375. 
Am.  J.  Pharm.  [4],  23,  291. 
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Loose 

Review  of 

Ztschr.  anorg.  Chem.,  3,  56. 

separation 

Chem.  News,  69,  100. 

methods. 

1893 

KRtyss 

Separation  of 

Ztschr.  anorg.  Chem.,  3,  44. 

cerite  earths. 

J.  Chem.  Soc,  64,  283. 

1894 

Rowlands   .  .  . 

Separation  of 

Johns  Hopkins  Univ.  Circ,  May, 

cerite  earths. 

1894. 

1894 

GiBBS 

Remarks  on 

Am.  Chem.  J.,  15,  546. 

cerite  oxides. 

Ztschr.  anorg.  Chem.,  6,  78. 
Ber.,  27.C,  68. 

1894 

Dennis  and 

Separation  of 

Am.  Chem.  J.,  16,  79. 

KORTRIGHT. 

cerium  and 

Ztschr.  anorg.  Chem.,  6,  35. 

thorium. 

Bull.  soc.  chim.  [3],  11,  602. 
Chem.  News,  69,  149. 

1894 

Dennis  and 

Separation 

Am.  Chem.  J.,  16,  649. 
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pounds. 

Chem.  News,  70,  200. 
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Ann.  der.  Phys.,  Pogg.,  47,  210 

and  385. 
Phil.  Mag.,  15,  286. 

Ann.  der  Phys.,  Pogg.,  48,  384. 

Ann.  Chem.,  Liebig,  33,  126. 

J.  prakt.  Chem.,  22,  449. 
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Forhandl.  vid.  skan.  nat,  July, 
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Ann.  Chem.,  Liebig,  44,  125. 
Ann.  der  Phys.,  Pogg.,  56,  503. 
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J.  Frank.  Inst.  [3],  5,  4"- 
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1842. 
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Pharm.  Centrbl.,  1842,  791. 
Berz.  Jsb.,  1844,  23,  143. 
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Ann.  Chem.,  Liebig,  48,  210. 
J.  prakt.  Chem.,  30,  276. 
Ann.  der  Phys.,  Pogg.,  60,  299. 
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Berz.  Jsb.,  1845,  24,  205. 
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Biblio.  Univ.  de  G^nbve,  1848. 
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Ann.  Chem.,  Liebig,  68,  213. 
Jsb.,  1847-48,  397. 
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Marignac    .  .  . 

Atomic  mass, 

Arch.  ph.  nat.,  11,  21. 
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Ann.  Chem.,  Liebig,  71,  306. 
Ann.  chim.  phys.  [3],  27,  209. 
J.  prakt.  Chem.,  48,  423. 
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Chemist,  Watt,  1849,  20. 
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Jsb.,  1849,  265. 
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Separation  of 

J.  Chem.  Soc,  2,  140. 

lanthanum 

Pharm.  CentrbL,  1849,  892. 
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Separation 

Jsb.,  1849,  264. 

1852 

Schmidt 

Ann.  Chem.,  Liebig,  83,  329. 

from  iron. 

Jsb.,  1852,  727. 

1853 

Marignac    .  .  . 

Separation 

Ann.  chim.  phys.  [3],  38,  148. 

from  didym- 

Arch.  ph.  nat.,  24,  278. 

ium,  etc. 

J.  prakt,  Chem.,  59,  380. 
Ann.  Chem.,  Liebig,  88,  232. 
J.  Chem.  Soc,  6,  260. 
Chem.  Gaz.,  1854,  141. 
Am.  J.  Sci.  [2],  16,  413. 
Jsb.,  1853,  343. 

1853 

Bunsen 

Estimation. 

Ann.  Chem.,  Liebig,  86,  285. 
Ann.  chim.  phys.  [3],  41,  350. 
J.  Chem.  Soc,  8,  232. 
Pharm.  CentrbL,  1853,  353. 
Jsb.,  1853,  340  and  626. 

1853 

Blakb 

Crystallized 

Am.  J.  ScL  [2],  16,  228. 

lanthana. 

J.  prakt.  Chem.,  60,  374. 
Jsb.,  1853,  850. 

1854 

Smith 

Lanthanite. 

Am.  J.  Sci.  [2],  18,  378. 
J.  prakt.  Chem.,  63,  460. 
Pharm.  CentrbL,  1855,  7. 
Jsb.,  1854,  865. 

1856 

Damour 

Formation 

Compt.  rend.,  43,  976. 

of  a  basic 

J.  prakt.  Chem.,  71,  305. 
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Jsb.,  1856,  485. 

containing 

iodine. 

1857 

Genth 

Crystalline 

Am.  J.  ScL  [2],  23,  415. 
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J.  prakt.  Chem.,  73,  208. 
Jsb.,  1857,  694. 
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The  Committee  of  the  American  Association  for  the  Advancement  of 
Science  having  charge  of  Indexing  Chemical  Literature  has  voted  to  recom- 
mend to  the  Smithsonian  Institution  for  publication  the  three  following 
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By  A.  C.  LANGMUIR,  Pk.  D. 


The  following  paper  is  offered  to  chemists  with  the  hope  that  it  may 
be  of  some  value  to  them  in  their  researches  on  an  element  of  great 
theoretical  and  scientific  interest,  particularly  as  an  example  of  the 
wonderful  results  accomplished  by  the  use  of  the  spectroscope  in  mod- 
em chemistry.  The  voluminous  literature  of  didymium  affords  a 
striking  illustration  of  the  pursuit  of  science  for  its  own  sake,  and  with 
no  reward  beyond  the  satisfaction,  of  having  advanced  the  cause  of 
truth. 

Original  work,  at  the  present  time,  must  always  be  preceded  by  a 
long  and  painstaking  search  through  the  literature,  which  consumes  no 
inconsiderable  amount  of  time.  Anything  which  can  lighten  the  labors 
of  the  investigator  in  this  direction  is  sure  to  be  a  welcome  addition  to 
the  literature. 

In  1882  Dr.  H.  Carrington  Bolton  originated  the  idea  of  indexing 
the  literature  of  each  of  the  chemical  elements,  and  a  Committee  on 
Indexing  Chemical  Literature  was  appointed  by  the  American  Asso- 
ciation for  the  Advancement  of  Science.  The  committee  annually 
reports  the  progress  made  during  the  year,  the  reports  being  published 
in  the  Chemical  News  and  in  American  journals. 

The  following  elements  have  been  indexed :  — 

Coiumbium.  —  Index  to  the  literature  of,  1801-1887,  by  Frank  W. 
Traphagen,  Smithsonian  Miscellaneous  Collections,  No.  663, 
Washington,  1888. 
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Iridium.  —  Bibliography  of  the  metal,  1803-1885,  by  N.  W.  Perry,  in 
Mineral  Resources  of  the  United  States,  1883-1884,  p.  588 ; 
School  of  Mines  Quarterly,  1885,  p.  114;  Chem.  News,  1885, 

SI.  P-  32. 
Manganese.  —  Index  to  the  literature  of,  1596- 1874,  by  H.  C.  Bolton, 

Annals  of  the  Lyceum  of  Natural  History,  New  York,  Vol. 

II.,  Nov.,  1875. 
Titaniutn.  —  Index  to  the  literature  of,  1 783-1 876,  by  E.  J.  Hallock, 

Annals  of  the  New  York  Academy  of  Sciences,  Vol.  I.,  Nos. 

2  and  3,  1877. 
Uranium.  —  Index  to  the  literature  of,  by  H.  C.  Bolton,  1789-1885, 

Smithsonian  Reports  for  1885,  Washington,  1885,  p.  919- 

946. 
Vanadium.  —  Index  to  the  literature  of,  1801-1876,  by  G.  Jewett  Rock- 
well, Annals  of  the  New  York  Academy  of  Sciences,  Vol.  I., 

No.  5,  1877. 

The  general  plan  of  the  following  index  corresponds  with  that  of  the 
others  published.  The  indexes  at  the  end  of  every  volume  of  each 
journal  were  consulted,  unless  an  index  covering  a  series  of  years  was 
available.  The  French  journals  proved  to  be  very  troublesome  in  this 
respect,  as  indexes  at  the  end  of  the  volume  are  often  omitted,  and  the 
general  indexes  are  seldom  detailed  enough  to  be  of  much  value. 
This  was  especially  true  of  the  Bull.  Sac.  Chim.  and  the  Ann.  Chim. 
Phys. 

The  abbreviations  used  are  those  given  by  H.  Carrington  Bolton 
in  his  '^  Select  Bibliography  of  Chemistry,  1492-1892,"  Smithsonian 
Miscellaneous  Collections,  No.  840,  Washington,  1893. 
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nate  didymi'm 

a  simple  body. 

Jsb.,  1879,  286. 

1879 

SCHUCHARDT   .   . 

Metallic  di- 
dymium. 

Chem.  News,  40,  35. 

1879 

COSSA 

Occurrence  in 

Compt  rend.,  87,  377. 

scheelite,  etc. 

Ber.,  1879,  362. 
Chem.  Centrbl.,  1879,  i^^* 
Jsb.  Min.,  1879,  615. 
Ztschr.  Kryst.,  3,  447- 
Chem.  News,  40, 90. 
Jsb.,  1879,  "79. 

1879 

COSSA 

Detection  in 

Ztschr.  Kryst,  3,  325. 
Jsb.  rein.  Chem.,  1879,  66. 

minerals. 

X879 

SORET  

Absorption 
spectrum. 

Compt.  rend.y  88,  422. 

Fluorescence 

Ber.,  1879,  1019,  2078. 

of  salts. 

Chem.  Centrbl.,  18 19,  308. 

X879 

Sella  

Tungstate. 

R.  Acad.  Lincei,  3,  26. 
Ztschr.  Kryst.,  3,  631. 
Jsb.  rein.  Chem.,  1879,  66. 
Chem.  News,  40,  90. 

1879 

Kopp 

At'mic  weight. 
Isomorphism. 

Ber.,  1879,  909. 

1879 

Stolba 

Separation  of 
cerium  and 
didymium. 

Chem.  Centrbl.,  1879,  S9S' 

1880 

E.  F.  Smith  .  .  . 

Electrolytic 
estimation. 

Ber.,  1880,  754. 

x88o 

Marignac.  .  .  . 

Occurrence  in 

Arch.  ph.  nat  [3],  3,  413. 

samarskite. 

Compt.  rend.,  90,  899. 

Ann.  chim.  phvs.  [5],  20,  535. 

Chem.  Centrbl.,  1880,  356. 

Jsb.  rein.  Chem.,  1880,  73. 

Jsb.,  1880,  295. 

x88o 

NiLSON 

Occurrence  in 

Ber.,  1880,  1430,  1439. 

• 

euxenite  and 

Compt.  rend.,  gx,  57. 

separation. 

Jsb.,  1880,  300. 

1880 

NiLSON  and 

Molecurrheat 

Ber.,  1880,  1459. 

Pettersson. 

and  volume. 

Compt.  rend.,  91,  232. 
Jsb.,  1880,  237. 

1880 

Peroni  and 

Occurrence  in 

Gazz.  chim.  ital.,  lO,  390. 

SCHIAPARELLI. 

urine. 

Jsb.,  1880,  II 14. 

x88o 

CoSSA 

Occurrence  in 

Gazz.  chim.  ital.,  xo,  465. 

urine. 

Ber.,  1880,  24x4. 
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1880 

COSSA 

Occurrence  in 
urine. 

Jsb.,  1880,  293. 

1880 

COSSA 

Tungstate. 

Gazz.  chim.  ital.,  10,  467. 
Ber.,  1881,  107. 
J.  Chem.  Soc,  40,  225. 
Jsb.,  1880,  293. 

1880 

SORBT  

Spectrum. 

Compt.  rend.,  91,  378. 
Chem.  Centibl.,  1880,  662. 
Jsb.,  1880,  210. 
Jsb.  lein.  Chem.,  1880,  74. 

1880 

SORET  

Ultra  violet 

Arch.  ph.  nat.  [3],  4,  261. 

absorption 

Jsb.,  1880,  214. 

spectrum. 

1881 

Clarke  

At'mic  weight. 

Am.  Chem.  J.,  3,  263. 
Phil.  Mag.  [s],  12,  loi. 
Jsb.,  1881,  7. 

1881 

Brauner  .... 

Valency  pent- 
oxide. 

Chem.  Ztg.,  1881,  791. 

1881 

Crookes   .... 

Phosphores- 

Lond. R.  Soc.  Proc,  32,  206. 

cence  of 

Ann.  chim.  phys.  [5],  23,  555. 

oxide. 

Compt.  rend.,  92,  1281. 

Chem.  News,  43,  237. 
Jsb.,  1881,  131. 

1882 

Brauner  .... 

Researches. 

Sitzb.  Akad.,  Wien  [2],  84, 1165  ; 

86,  168. 
Monalsh.  Chem.,  3,  1-60,  486- 

503. 
Compt.  rend.,  94,  17 18. 
Ann.  der  Phys.,  Pogg.,  Beibl.,  6, 

418. 
Ber.,  1882,  109,  115,  2231. 
Chem.  Centrbl.,  1882,  616. 

Monit.  Sc,  Quesneville  [3],  X2, 

595.  794- 

J.  Chem.  Soc,  41,  68. 

Chem.  News,  46,  16. 

Jsb.,  1882,  283,  285. 

1882 

Clarke 

At'mic  weight. 

Am.  Chem.  J.,  4,  76. 

1882 

Hartley  .  •  •  . 

Separation 

Chem.  News,  45,  40. 

from  cerium. 

Chem.  Centrbl.,  1882,  151. 

1882 

Stolba   

Volumetric 

Chem.  Centrbl.,  1882,  826. 

estimaiion. 

Jsb.,  1882,  1286. 

Z882 

BOJSBAUDRAN.    . 

Separation 

Compt.  rend.,  94,  1439. 

from  gallium. 

Jsb.,  1882,  1296. 

1882 

Cleve  

Preliminary 

Compt.  rend.,  94,  1528. 

note. 

Monit.  Sc,  Quesneville,  24,  689. 
Chem.  Centrbl,  1882,  451- 
Ber.,  1882,  1750. 
Chem.  Ztg.,  1882,  658. 
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1882 

Cleve  

Preliminary 

J.  Chem.  Soc,  44,  18. 

note. 

Chem.  News,  45,  273. 

1882 

ClEV£ 

At'mic  weight. 

Compt.  rend.,  95,  33. 

Monit.   Sc,   Quesneville,  1882, 

798. 
Chem.  Centrbl.,  1882,  616. 

J.  Chem.  Soc,  42,  1165. 

Chem.  News,  46,  43. 

1883 

Clevb  

At'mic  weight. 

Bull.  soc.  chim.  [2],  39,  289. 
Ber.,  1883,  1 212. 
J.  Chem.  Soc,  44,  852. 
Chem  News,  47,  203. 
Jsb.,  1883,  37. 

1883 

Cleve  

Separation 

Compt.  rend.,  97,  94. 

from 

Ber.,  1883,  2494. 

samarium. 

J.  Chem.  Soc,  43,  362. 
Chem.  News,  48,  39,  74. 
Jsb.,  1883,  361. 

1883 

Welsbach    .  .  . 

SepYtion  fr'm 
other  gado- 
linite  earths. 

Monatsh.  Chem.,  4,  630-642. 

1883 

Arche 

Preparation 

Monatsh.  Chem.,  4,  913-925. 

from  cerite. 

J.  Chem.  Soc,  46,  557. 

1883 

Stolba 

Estimation  as 
oxalate. 

Chem.  Ccnirbl.,  1883,  313. 

1883 

Bkcquerel  .  .  . 

Absorption 

Compt.  rend.,  96,  12 17. 

and  emission 

Jsb.,  1883,  243. 

spectrum. 

1883 

Brauner  .... 

Preparation 

J.  Chem.  Soc,  43,  278-289. 

from  cerite. 

Monit  Sc  Quesneville  [3],  12, 

595-625 ;  13,  160. 
Ber.,  1883,  i860. 
Jsb.,  1883,  354. 

1883 

J.  L.  Smith  .  .  . 

Occurrence  in 

Am.  Chem.  J.,  5,  80. 

samarskite. 

Chem.  News,  48, 13,  29. 

Estimation  by 

J.  Chem.  Soc,  46,  iii. 

spectroscope. 

Ber.,  1883,  1886. 
Jsb.,  1883,  1562. 

X883 

Debray 

Separation 

Compt.  rend.,  96,  828. 

from  cerium. 

Chem.  News,  47,  199. 

1883 

Thalen 

Spectrum. 

Ann.  der  Phys.,  Pogg.,  Bcibl.,  7, 

893. 
Ocfvers.  konigl.  Vet.  Forhandl., 

V.  7. 
Ber.,  1883,  2760. 

1884 

Haushofer.  •  . 

Microscopic 

Ber.  bair.  akad.  Wissensch.,  13, 

test. 

436-448. 
Jsb.,  1884,  1551- 
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1884 

Robinson  •  •  .  • 

Separation 

Lond.  R.  Soc.  Proa,  37,  150, 

from  cerium 

Chem.  News,  50,  251. 

and 

Jsb.,  1884,  so. 

lanthanum. 

1884 

WSLSBACH     .   .   . 

Separation 

Sitzb.  Akad.,  Wien  [2],  90, 337. 

from  cerium, 

Monatsh.  Chem.,  5,  508-522. 

lanthanum, 

Jsb.,  1884,  39S- 

and  yttrium. 

1884 

COSSA 

Molybdate. 

Compt.  rend.,  98,  090. 

Valency. 

J.  prakt.  Chem.  [2],  29,  383. 
Ber.,  1884,  249. 
Chem.  Centrbl.,  1884,  452. 
J.  Chem.  Soc.,  46,  821. 
Jsb.,  1884,  395- 

Z884 

COSSA 

Diffusion  of 

Gazz.  chim.  ital.,  13,  280. 

didymium. 
At'mic  weight. 

J.  Chem.  Soc.,  46,  262. 

Z884 

Clarke 

Chem.  News,  50,  21. 

Chem.  Ztg.,  1884,  1038. 

1884 

H5GBOM 

Tungstate. 

Bull.  soc.  chim.  [2],  42,  3. 

X884 

Marignac.  .  .  . 

Equivalent 

Arch.  ph.  nat.  [3],  xo,  5,  193. 

weight. 

Ztschr.  anal.  Chem.,  23,  140. 
Chem.  News,  50,  69. 

1885 

J.  L.  Smith  .  .  . 

Estimat'n  sep- 

Chem. News,  51,  289,  304. 

aration  from 

Ber.,  1885,  515. 

other  earths. 

Jsb.,  1885,  1932. 

188s 

LiNNEMANN.    .   . 

Abs'pt'n  lines 
of  didy*m  in 
some  zircons. 

Monatsh.  Chem.,  6,  533. 

188s 

Decomposit*n 

Monatsh.  Chem.,  6,  477-491. 

into  constit- 

Chem. Centrbl.,  1885,  774. 

uents. 

Ber.,  1885,  605. 

Researches. 

Chem.  Ztg.,  1885,  997. 
J.  Chem.  Soc,  48,  11 13. 
Chem.  News,  52,  49. 
Jsb.,  1885,  478. 

i88s 

Cleve  

Oxides. 

Bull.  soc.  chim.  [2],  43,  56. 

1885 

HooD 

Absorption 
spectrum. 

Chem.  News,  5a,  271. 

188s 

Cleve  

Researches. 

Bull.  soc.  chim.  [2],  43, 3S9-366. 
Chem.  News,  52,  227,  255,  264, 

278,  291. 
Ber.,  1885,  52,  318. 
J.  Chem.  Soc,  48,  1039. 
Chem.  Centrbl.',  1886,  6q. 
Ann.  der  Phys.,  Pogg.  [2],  24, 288. 

1885 

LOMMELT 

Fluorescence. 

Jsb.,  1885,  333. 

1885 

PiCCINI 

Position  in 

Atti  d.  Ace  d.  Lmcei,  1885, 82. 

periodic  sys- 

Ber., 1885,  255. 

tem. 

Jsb.,  1885,  359- 
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1886 

Stroheckbr  .  . 

Occurrence  in 

J.  prakt  Chem.  [2],  33,  133. 

clays  of 

Chem.  News,  53,  136. 

Hainstadt. 

Jsb.,  1886,  407. 

1886 

Crookbs  .... 

Absorption 

Lond.  Roy.  Soc.  Proc.,  40,  502. 

spectrum. 

Chem.  News,  54,  27. 
Ber.,  1886,  652. 
Jsb.,  1886,  308. 

1886 

Demarqay  .  .  . 

Spectrum. 

Compt.  rend.,  ip2,  1551. 
Ber.,  19,  650. 
J.  Chem.  Soc,  50,  837. 
Chem.  News,  54,  36. 
Jsb.,  1886,311. 

1886 

Morton 

Crystalline 

Oefers.  konigl.  Vet.  Forhandl., 

form  of 

1885,  189-199. 

compounds. 

Ztschr.  Kryst.,  12,  517. 
Ber.,  1886,  388. 
Jsb.,  1886,  402. 

1886 

HUMPIDGE     .   .   . 

Spectrum. 

Chem.  News,  53,  154. 

1886 

Hartley  .... 

Spectrum. 

Chem.  News,  53,  179. 

1886 

COSSA 

Tungstate 

Atti  d.  Ace.   d.  Lincei,    1886, 

and 

320. 

molybdate. 

Gazz.  chim.  ital.,  16,  284. 
Compt.  rend.,  102,  1315. 
Ber.,  i886,  482,  536. 
J.  Chem.  Soc,  50,  981. 
Chem.  Centrbl.,  1887,  1371. 
Ztschr.  Kryst.,  13,  209. 
Ann.  chim.  phys.  [6],  7,  501. 

1886 

Plaats 

At'mic  weight. 

Ztschr.  anal.  Chem.,  26,  276. 

1887 

Bailey 

At'mic  weight. 

J.  Chem.  Soc,  51,  682. 
Jsb.,  1887,  iz. 

1887 

Becquerel  .  .  . 

Absorption 

Compt.   rend.,   104,    168,  777, 

spectrum. 

1691. 
Ber.,  1887,  246,  457. 

Chem.  News,  55,  148 ;  56,  23. 
J.  Chem.  Soc,  52,  537,  873. 
Jsb.,  1887,  352. 

1887 

Demarqay    .  .  . 

Absorption 

Compt.  rend.,  105,  276. 

spectrum. 

Ber.,  1887,  533. 
J.  Chem.  Soc,  52,  1008. 
Chem.  News,  56,  114. 
Jsb.,  1887,  353. 

1887 

Kruss  and 

Didymium 

Ber.,  1887,  2134. 

NiLSOK. 

composed  of 

Chem.  News,  56,  x66. 

nine  elements. 

Jsb.,  1887,  474. 

1887 

Bailey 

Absorption 

Ber.,  1887,  2769. 

spectrum. 

Jsb.,  1887,  474. 

1887 

KrOss  and 

Occurrence  in 

Ber.,  1887,  1679. 

NiLSON. 

fergusonite. 

Jsb.,  1887,  574. 
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1887 

WiLLGERODT    .   . 

Application 

J.  prakt.  Chem.  [2],  35,  395. 

as  a  chloridiz- 

Jsb.,  1887,  618. 

ing  agent. 

1887 

C.  M.  Thompson. 

Absorption 
spectrum  of 
components. 

Chem.  News,  55,  277. 

1887 

OUVRARD    .... 

Phosphate. 

Compt.  rend.,  107,  39. 
Bull.  soc.  chim.  [3],  51,  42. 
Chem.  Centrbl.,  1888,  1078. 
J.  Chem.  Soc,  54,  1037. 

1888 

KlESEWETTER 

and  Kruss. 

Spectrum. 

Ber.,  1888,  2310,  2320. 

1888 

Application. 
Absorption 

Eng.  Mining  J.,  46,  i. 
Chem.  News,  60,  27. 

1889 

Crookes   .... 

spectrum  of 

J.  Chem.  Soc.,  55,  259. 

components. 

1889 

Bettendorff  .  . 

SepV'tionfr'm 
lanthanum. 
Preparation 

Ann.  Chem.,  Liebig,  256,  163. 

1891 

Bettendorff  .  . 

Ann.  Chem.,  Liebig,  263,  164. 

from  orthite. 

189 1 

KRites 

Separation 

Ann.  Chem.,  Liebig,  265,  1-27. 

from  erbium. 

Ber.,  1891,  700. 

J.  Chem.  Soc.,  60,  1425. 

Z891 

Gladstone  .  .  . 

Molecular 

refraction  of 

salts. 

J.  Chem.  Soc,  59,  S9S- 

1891 

Bbhrens  .... 

Microscopic 
reactions. 

Ztschr.  anal.  Chem.,  30,  144. 

189 1 

Hartinger  .  .  . 

Absorption 

and  emission 

spectrum. 

Monatsh.  Chem.,  X2,  362-367. 

189X 

C.  M.  Thompson. 

Didymium 

Chem.  News,  64,  167. 

from  different 

Chem.  Centrbl.,  1891,  792. 

sources. 

Ber.,  1891,  945. 

1892 

Schottlander  . 

Separation 

Ber.,  1892,  37^394,  S69-S99- 

from  lantha- 

Chem. News,  65,  205,  219,  233, 

num  and 

243.  254. 

cerium;  spec- 

Chem. Centrbl.,  1892,  661. 

trum. 

1893 

Kr&ss 

Electrolysis  of 

Ztschr.  anorg.  Chem.,  3,  60. 

solutions. 

Chem.  Centrbl,  1893,  38a. 
Chem.  News,  67,  65. 
Ber.,  1893,  249. 

1893 

KrOss 

Equivalent 

Ztschr.  anorg.  Chem.,  3,  58. 
Chem.  News,  67,  32,  40. 
Ber.,  1893,  249. 

1893 

Kruss  and 

Behavior  to- 

Ztschr. anorg.  Chem.,  3,  92. 

Loose. 

ward  pot'ssi'm 

Chem.  News,  67,  75, 87,  100. 

chromate. 

Chem.  CentrbL,  1893,  462. 
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1893 

Kruss  and 

Behavior  to- 

Ber., 1893,  250. 

Loose. 

ward  pot'ssi'm 
chromate. 

1893 

Kruss 

Behavior 

Ztschr.  anorg.  Chem.,  3,  108. 

toward 

Chem.  CentrbL,  1893,  462. 

aniline. 

Ber.,  1893,  251. 

1893 

NORDENSKIOLD  . 

Unknown 

J.  prakt.  Chem.,  47,  20. 

nature  of 

Chem.  CentrbL,  1893,  339. 

cerite. 

1893 

Eakins 

Didymium 

Bull.  U.  S.  Geol.  Survey,  No.  64. 

in  Texas 

Chem.  News,  67,  79. 

gadolinite. 
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ADVERTISEMENT. 


The  present  publication  is  one  of  a  series  devoted  to  the  discussion 
and  more  precise  determination  of  various  **  Constants  of  Nature ; "  and 
forms  the  Fifth  contribution  to  that  subject  published  by  this  Institution. 

The  First  number  of  the  series,  embracing  tables  of  *'  Specific  Gravi- 
ties "  and  of  Melting  and  Boiling  Points  of  Bodies,  prepared  by  the  same 
author.  Prof.  F.  W.  Clarke,  was  published  in  1873.  The  Fourth  part  of 
the  series,  comprising  a  complete  digest  of  the  various  "Atomic  Weight " 
determinations  of  the  chemical  elements  published  since  1814,  com- 
mencing with  the  well-known  "  Table  of  Equivalents  "  by  WoUaston 
(given  in  the  Philosophical  Transactions  for  that  year),  compiled  by 
Mr.  George  F.  Becker,  was  published  by  the  Institution  in  1880.  The 
present  work  comprises  a  very  full  discussion  and  recalculation  of  the 
"  Atomic  Weights  "  from  all  the  existing  data,  and  the  assignment  of 
the  most  probable  value  to  each  of  the  elements. 

The  first  edition  of  this  work  was  published  in  1882,  and  this  new 
edition,  revised  and  enlarged  by  Professor  Clarke,  contains  new  informa- 
tion accumulated  during  the  past  fifteen  years. 

S.  P.  Langley, 
Secretary  of  the  Smithsonian  Listilution. 

Washington,  January,  1897. 
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A  RECALCULATIOX  OF  THE  ATOMIC  WEIGHTS. 


By  frank  wiggles  worth  CLARKE. 


INTRODUCTION. 


In  the  autumn  of  1877  the  writer  began  collecting  data  relative  to 
determinations  of  atomic  weight,  with  the  purpose  of  preparing  a  com- 
plete resum6  of  the  entire  subject,  and  of  recalculating  all  the  estima- 
tions. The  work  was  fairly  under  way,  the  material  was  collected  and 
partly  discussed,  when  1  received  from  the  Smithsonian  Institution  a 
manuscript  by  Professor  George  F.  Becker,  entitled  "  Atomic  Weight 
Determinations:  a  Digest  of  the  Investigations  Published  since  1814." 
This  manuscript,  which  has  since  been  issued  as  Part  IV  of  the  "  Con- 
stants of  Nature,"  covered  much  of  the  ground  cqntemplated  in  my  own 
undertaking.  It  brought  together  all  the  evidence,  presenting  it  clearly 
and  thoroughly  in  compact  form ;  in  short,  that  portion  of  the  task  could 
not  well  be  improved  upon.  Accordingly,  I  decided  to  limit  my  own 
labors  to  a  critical  recalculation  of  the  data;  to  combine  all  the  figures 
upon  a  comnnion  mathematical  basis,  and  to  omit  everything  which  could 
as  well  be  found  in  Professor  Becker's  "  Digest." 

In  due  time  my  work  was  completed,  and  early  in  1882  it  was  pub- 
lished. About  a  year  later  Meyer  and  Seubert's  recalculation  appeared, 
to  be  followed  later  still  by  the  less  elaborate  discussions  of  Sebelien  and 
of  Ostwald.  All  of  these  works  differed  from  one  another  in  various 
essential  particulars,  presenting  the  subject  from  different  points  of  view, 
and  with  different  methods  of  calculation.  Each  one,  therefore,  has  its 
own  special  points  of  merit,  and,  in  a  sense,  reinforces  the  others.  At 
the  same  time,  the  scientific  activity  which  they  represent  shows  how 
widespread  was  the  interest  in  the  subject  of  atomic  weights,  and  how 
fundamentally  important  these  constants  undoubtedly  are. 

The  immediate  effect  of  all  these  publications  was  to  render  manifest 
the  imperfections  of  many  of  the  data,  and  to  point  out  most  emphatic- 
ally in  what  directions  new  work  needed  to  be  done.  Consequently,  there 
has  been  since  1884  an  extraordinary  activity  in  the  determination  of 
atomic  weights,  and  a  great  mass  of  new  material  has  accumulated.  The 
assimilation  of  this  material,  and  its  combination  with  the  old  data,  is 
the  object  of  the  present  volume. 

(1) 


2  THE  ATOMIC  WEIGHTS. 

At  the  very  beginning  of  my  work,  certain  fundamental  questions  con- 
fronted me.  Should  I  treat  the  investigations  of  different  individuals 
separately,  or  should  I  combine  similar  data  together  in  a  manner  irre- 
spective of  persons  ?  For  example,  ought  I,  in  estimating  the  atomic 
weight  of  dilver,  to  take'Stas'  T^ork'  by  itself,  Marignac's  wot]L  by  itself, 
and  so  on,  and  then  average  the  results  together ;  or  should  I  rather 
combine  all  series  of  figures  relating  to  the  composition  of  potassium 
chlorate  into  one  mean  value^  and  all  the  data  concerning  the  composi- 
tion of  silver  chloride  into  another  mean,  and,  finally,  compute  from  such 
general  means  the  constant  sought  to  be  established  ?  The  latter  plan 
was  finally  adopted ;  in  fact,  it  was  rendered  necessary  by  the  method  of 
least  squares,  which,  in  a  special,  limited  form,  was  chosen  as  the  best 
method  of  dealing  with  the  problem. 

The  mode  of  discussion  and  combination  of  results  was  briefly  as 
follows.  The  formulae  employed  are  given  in  another  chapter.  I  began 
with  the  ratio  between  oxygen  and  hydrogen ;  in  other  words,  with  the 
atomic  weight  of  oxygen  referred  to  hydrogen  as  unity.  Each  series  of 
experiments  was  taken  by  itself,  its  arithmetical  mean  was  found,  and 
the  probable  error  of  that  mean  was  computed.  Then  the  several  means 
were  combined  according  to  the  appropriate  formula,  each  receiving  a 
weight  dependent  upon  its  probable  error.  The  general  mean  thus  estab- 
lished was  taken  as  the  most  probable  value  for  the  atomic  weight  of 
oxygen,  and,  at  the  same  time,  its  probable  error  was  mathematically 
assigned. 

Next  in  order  came  a  group  of  elements  which  were  best  discussed 
together,  namely,  silver,  chlorine,  potassium,  sodium,  bromine,  and 
iodine.  For  these  elements  there  were  data  from  many  experimenters. 
All  similar  figures  were  first  reduced  to  common  standards,  and  then 
the  means  of  individual  series  were  combined  into  general  means.  Thus 
all  the  data  Were  condensed  into  nineteen  ratios,  from  which  several 
independent  values  for  the  atomic  weight  of  each  element  could  be 
computed.  The  probable  errors  of  these  values,  however,  all  involved 
the  probable  error  of  the  atomic  weight  of  oxygen,  and  were,  therefore, 
higher  than  they  would  have  been  had  the  latter  element  not  entered 
into  consideration.  Here,  then,  we  have  suggested  a  chief  peculiarity 
of  this  whole  revision.  The  atomic  weight  of  each  element  involves 
the  probable  errors  of  all  the  other  elements  to  which  it  is  directly  or 
indirectly  referred.  Accordingly,  an  atomic  weight  determined  by  refer- 
ence to  elements  whose  atomic  weights  have  been  defectively  ascertained 
will  receive  a  high  probable  error,  and  its  weight,  when  combined  with 
other  values,  will  be  relatively  low.  For  example,  an  atomic  weight 
ascertained  by  direct  comparison  with  hydrogen  will,  other  things  being 
equal,  have  a  lower  probable  error  than  one  which  is  referred  to  hydro- 
gen through  the  intervention  of  oxygen ;  and  a  metal  whose  equivalent 
involves  only  the  probable  error  of  oxygen  should  be  more  exactly 
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known  than  one  which  depends  uppn,the  errors  of  silver  and  chlorine. 
These  points  will  appear  more  clearly  evident  in  the  subsequent  actual 
discussions.   . 

But  although  the  discussion  of  atomic  >v eights  is  ostensibly  mathe- 
matical, it  caujuot  be  purely  so.  Chemical  considerations  are  necessarily 
inyolved^at  ev^ery  turn.  In  assigning  weights  to  mean  values  I  have 
been,  for  the  most  part,  rigidly  guided  by  mathejnatical  rules ;  but  in 
some  cases  I  have  been  compelled  to  reject  altogether  series  of  data 
which  were  .mathematically  excellent,  but  chemically  worthless  because 
of  coi^stant  errors.  In  certain  instances  there  were  grave  doubts  as  to 
whether  particular  figures  should  be  included  or  rejected  in  the  calcula- 
tion of  means,  there  having  been  legitimate  reasons  for  either  procedure. 
Probably  many  chemists  would  differ  with  me  upon  such  points  of  judg- 
ment. In  fact,  it  is  doubtful  whether  any  two  chemists,  working  inde- 
pendently, would  handle  all  the  data  in  precisely  the  same  way,  or 
combine  them  so  as  to  produce  exactly  the  same  final  results.  Neither 
would  any  two  mathematicians  follow  identical  rules  or  reach  identical 
conclusions.  In  calculating  the  atomic  weight  of  any  element  those 
values  are  assigned  to  other  elements  which  have  been  determined  in 
previous  chapters..  Hence  a  variation  in  the  order  of  discussion  might 
lead  to  slight  diflFerences  in  the  final  results. 

As  a  matter  of  course  the  data  herein  combined  are  of  very  unequal 
value.  In  many  series  of  experiments  the  weighings  have  been  reduced 
to  a  vacuum  standard ;  but  in  most  cases  chemists  have  neglected  this 
correction  altogether.  In  a  majority  of  instances  the  errors  thus  intro- 
duced are  slight ;  nevertheless  they  exist,  and  interfere  more  or  less  with 
all  attempts  at  a  theoretical  consideration  of  the  results. 

Necessarily,  this  work  omits  many  details  relative  to  experimental 
methods,  and  particulars  a5  to  the  arrangement  of  special  forms  of  appa- 
ratus. For  such  details  original  memoirs  must  be  consulted.  Their  in- 
clusion here  would  have  rendered  the  work  unwarrantably  bulky.  There 
is  such  a  thing  as  over-exhaustiveness  of  treatment,  which  is  equally 
objectionable  with  under-thorough ness. 

Of  course,  none  of  the  results  reached  in  this  revisioi^  can  be  consid- 
ered as  final.  Every  one  of  them  is  liable  to  repeated  corrections.  To 
my  mind  the  real  value  of  the  work,  great  or  little,  lies  in  another  direc- 
tion. The  data  have  been  brouglft  together  and  reduced  to  common 
standards,  and  for  each  series  of  figures  the  probable  error  has  been  de- 
termined. Thus  far,  however  much  my  methods  of  combination  may 
be  criticised,  I  feel  that  my  labors  will  have  been  useful.  The  ground  is 
cleared, in  a  measure,  for  future  experimenters;  it  is  possible  to  see  more 
distinctly  what  remains  to  be  done ;  some  clues  are  furnished  as  to  the 
relative  nierita  of  different  series  of  results. 

On  the  mathematical  side  my  method  of  recalculation  has  obvious 
deficiencies.  It  is  special,  rather  than  general,  and  at  some  future  time, 
when  a  suflBciently  large  mass  of  evidence  has  accumulated,  it  must 
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give  way  to  a  more  thorough  mode  of  treatment.  For  example^ the  ratio 
Ag, :  BaBr,  has  been  used  for  computing  the  atomic  weight  of  barium, 
the  atomic  weights  of  silver  and  bromine  being  supposed  to  be  known. 
But  these  atomic  weights  are  subject  to  small  errors,  and  they  are  super- 
imposed upon  that  of  the  ratio  itself  in  the  process  of  calculation.  Ob- 
viously, the  ratio  should  contribute  to  our  knowledge  of  all  three  of  the 
atomic  weights  involved  in  it,  its  error  being  distributed  into  three  parts 
instead  of  appearing  in  one  only.  The  errors  may  be  in  part  compensa- 
tory;  but  that  is  not  certainly  known. 

Suppose  now  that  for  every  element  we  had  a  goodly  number  of  atomic 
weight  ratios,  connecting  it  with  at  least  a  dozen  other  elements,  and  all 
measured  with  reasonable  accuracy.  These  hundreds  of  ratios  could 
then  be  treated  as  equations  of  observation,  reduced  to  linear  form,  and 
combined  by  the  general  method  of  least  squares  into  normal  equations. 
All  errors  would  thus  be  distributed,  never  becoming  cumulative;  and 
the  normal  equations,  solved  once  for  all,  would  give  the  atomic  weights 
of  all  the  elements  simultaneously.  The  process  would  be  laborious 
but  the  result  would  be  the  closest  possible  approach  to  accuracy.  The 
data  as  yet  are  inadequate,  although  some  small  groups  of  ratios  may 
be  handled  in  that  way ;  but  in  time  the  method  is  sure  to  be  applied, 
and  indeed  to  be  the  only  general  method  applicable.  Even  if  every  ratio 
was  subject  to  some  small  constant  error,  this,  balanced  against  the 
similar  errors  of  other  ratios,  would  become  accidental  or  unsystematic 
with  reference  to  the  entire  mass  of  material,  and  would  practically 
vanish  from  the  final  means. 

Concerning  this  subject  of  constant  and  accidental  errors,  a  word  may 
be  said  here.  My  own  method  of  discussion  eliminates  the  latter,  which 
are  removable  by  ordinary  averaging ;  but  the  constant  errors,  vicious 
and  untractable,  remain,  at  least  partially.*  Still,  where  many  ratios 
are  considered,  even  the  systematic  errors  may  in  part  compensate  each 
other,  and  do  less  harm  than  might  be  expected.  They  have,  moreover, 
a  peculiarity  which  deserves  some  attention. 

In  the  discussion  of  instrumental  observations,  the  systematic  errors 
are  commonly  constant,  both  as  to  direction  and  as  to  magnitude.  They 
are  therefore  independent  of  the  accidental  errors,  and  computation  of 
means  leaves  them  untouched.  But  in  the  measurement  of  chemical 
ratios  the  constant  errors  are  most  frequently  due  to  an  impurity  in  one 
of  the  materials  investigated.  If  different  samples  of  a  substance  are 
studied,  although  all  may  contain  the  same  impurity,  they  are  not  likely 
to  contain  it  in  the  same  amount ;  and  so  the  values  found  for  the  ratio 
will  vary.  In  other  words,  such  errors  may  be  constant  in  direction  but 
variable  in  magnitude.  That  variation  appears  in  the  probable  error 
computed  for  the  series  of  observations,  diminishes  its  weight  when  com- 
bined with  other  series,  and  so,  in  part,  corrects  itself.  It  is  not  removed 
from  the  result,  but  it  is  self-mitigated.  The  constant  errors  familiar  to 
the  physicist  and  astronomer  are  obviously  of  a  different  order. 
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That  all  methods  of  averaging  are  open  to  objections,  I  am  of  course 
perfectly  aware.  I  also  know  the  doubts  which  attach  to  all  questions 
of  probable  error,  and  to  all  combinations  of  data  which  depend  upon 
them.  I  have,  however,  preferred  to  face  these  objections  and  to  recog- 
nize these  doubts  rather  than  to  adopt  any  arbitrary  scheme  which  per- 
mits of  a  loose  selection  of  data.  After  all,  the  use  of  probable  error  as 
a  means  of  weighting  is  but  a  means  of  weighting,  and  perhaps  more 
justifiable  than  any  other  method  of  attaining  the  same  result.  When 
observations  are  weighted  empirically — that  is,  by  individual  judg- 
ment— far  greater  dangers  arise.  Almost  unconsciously,  the  work  of  a 
famous  man  is  given  greater  weight  than  that  of  some  obscure  chemist, 
although  the  latter  may  ultimately  prove  to  be  the  best.  But  the  prob- 
able error  of  a  series  of  measurements  is  not  afiected  by  the  glamor  of 
great  names ;  and  the  weight  which  it  assigns  to  the  observations  is  at 
least  as  safe  a»  any  other.  In  the  long  run,  I  believe  it  assigns  weight 
more  accurately,  and  therefore  I  have  trusted  to  its  indications,  not  as 
if  it  were  a  mathematical  fetish,  but  regarding  it  as  a  safe  guide,  even 
though  sometimes  fallible. 

In  Meyer  and  Seubert's  recalculation,  weights  are  assigned  in  quite  a 
novel  manner.  In  each  series  of  experiments  the  maximum  and  mini- 
mum results  are  given,  but  instead  of  the  mean  there  is  a  value  deduced 
from  the  sum  of  the  weighings — ^that  is,  each  experiment  is  weighted 
proportionally  to  the  mass  of  the  material  handled  in  it.  For  this 
method  I  am  unable  to  find  any  complete  justification.  Of  course,  the 
errors  due  to  the  operations  of  weighing  become  proportionally  smaller 
as  the  quantity  of  material  increases,  but  these  errors,  with  modem 
apparatus,  are  relatively  unimportant.  The  real  errors  in  atomic  weight 
determinations  are  much  larger  than  these,  and  due  to  difierent  causes. 
Hence  an  experiment  upon  ten  grammes  of  material  may  be  a  little  better 
than  one  made  upon  five  grammes,  but  it  is  by  no  means  necessarily 
twice  as  good.  The  ordinary  mean  of  a  series  of  observations,  with  its 
measure  of  concordance,  the  probable  error,  is  a  better  value  than  one 
obtained  in  the  manner  just  described.  If  only  errors  of  weighing  were 
to  be  considered,  Meyer  and  Seubert's  summation  method  would  be 
valid,  but  in  the  presence  of  other  and  greater  errors  it  seems  to  have 
but  little  real  pertinency  to  the  problem  at  hand. 

In  addition  to  the  usual  periodicals,  the  following  works  have  been 
freely  used  by  me  in  the  preparation  of  this  volume : 

Berzelius,  J.  J.  Lehrbuch  der  Chemie.  5  Auflage.  Dritter  Band. 
SS.  1147-1231.    1845. 

Van  Geuns,  W.  A.  J.  Proeve  eener  Geschiedenis  van  de  ^quivalent- 
getallen  der  Scheikundige  Grondstoffen  en  van  hare  Soortelijke 
Gewigten  in  Gasvorm,  voornamelijk  in  Betrekking  tot  de  vier 
Grondstofien  der  Bewerktuigde  Natuur.    Amsterdam,  1853. 
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Mulder,  E.  Historisch-Kritisch  Overzigt  van  de  Bepalingen  der  ^quiv- 
alent-Gewigten  van  13  Eenvotidigef  Ligchamen. '  Utrecht,  1833. 

Mulder,  L.  Historisch-Kritisch  Overzigt  van  de  Bepalingen  denf  Mquiy- 
alent-Gewigten  van  24  Metalen.    Utrecht,  1853. 

OuDEMANs,  A.  C.,  Jr.  Histprisch-Kritisch  Overzigt  van  de  Bepaling  der 
iEquivalent-Gewigten  van  Twee  en  Twiutig,  l^etalen.  .Leiden, 
1853."'        _     ■■  ,\      '  "...',  ",, ,   .  .  "    ,.  .  .    . 

St  AS,  J.  S.  '  Uhtersdchungen  (iber  die  Gesetze  der  Cheniischen  Prppor- 
tioneh  liber  die  Atomgewichte  und  ihre  gegenseitigen  Verhalt- 
nisse.    Uebersetzt  von 'Dr.  L.  Aronstein.     Leipzig,  1867. 

See  also  his  **  Oeuvres  Completes,"  3  vols.,  published  at  Bruxelles 
in  1894. 

Meyer,  L.,  and  Seubert,  K.  Die  Atomge\tichte  der  Eleraent'e,  ails  deti 
Originalzahlen  neu  berechnet;    Leipzig,  1883,' 

Sebelien,  J.  Beitrage-zur  Geschichte  der  Atomgewichte.  Braunschweig, 
1884. 

Ostwald,  W.  Lehrbucn  der  allgemeinen  Chemie.  Zweite  Aufl.  I 
Band.    SS.  18-138.     Leipzig,  1891. 

The  four  Dutch  monographs  above  cited  are  especially  valuable. 
They  represent  a  revision  of  ^11  atomic  weight  data  down  to  1853,  as 
divided  between  four  writers. 

For  the  sake  of  completeness  the  peculiar  volume  by  Hinrichs  *  must 
also  be  cited,  although  the  methods  and  criticisms  embodied  in  it  have 
not  been  generally  -endorsed.  Hinrichs'  point  of  view  is  so  radically 
different  from  mine  that  I  have  been  unable  to  make  use  of  his  discus- 
sions. His  objections  to  the  researches  of  Stas  seem  to  be  quite  un- 
founded ;  and  the  rejoinders  by  Spring  and  by  Van  der  Plaats  are  suffi- 
ciently thorough. 

*  The  True  Atomic  Weight  of  the  Chemical  Elements  and  the  Unity  of  Matter.  St.  Louis,  1894. 
Compare  Spring,  Chem.  Zeitung,  Feb.  22,  1893,  and  Van  der  Plaats,  Compt.  Rend.,  116,  1362.  See 
also  a  paper  by  Vogel,  with  adverse  criticisms  by  Spring  and  1,.  Henry,  in  Bull.  Acad.  Bnixelles, 
(3).  26.  469. 


INTRODUCTION. 


FORMULA  FOR  THE  CALCULATION  OF  PROBABLE  ERROR. 

The  formula  for  the  probable  error  of  an  arithmetical  mean,  familiar 
to  all  physicists,  is  as  follows : 


\«{»-i) 


(1.)  >      •  ^=6.6745 

Here  n  represents  the  number  of  observations  or  experiments  in  the 
series,  and  S  the  sum  of  the  squares  of  the  variations  of  the  individual 
results  from  the  mean. 

In  combining  several  arithmetical  means,  representing  several  series, 
into  one  general  mean,  each  receives  a  weight  inversely  proportional  to 
the  square  of  its  probable  error.  Let  A,  B,  C,  etc.,  be  such  means,  and 
a,  6,  c  their  probable  errors  respectively.  Then  the  general  mean  is  de- 
termined by  the  formula ; 


(2.)  M  =  -£ ^ '- 

a'    ^    d'    ^    c' 

For  the  probable  error  of  this  general  mean  we  have : 
(3.) 


\^-^~¥-^^ 


In  the  calculation  of  atomic  and  molecular  weights  the  following 
formula)  are  used :  Taking,  as  before,  capital  letters  to  represent  known 
quantities,  and  small  letters  for  their  probable  errors  respectively,  we 
have  for  the  probable  error  of  the  sum  or  difference  of  two  quantities, 
A  and  B : 

(4.)  e=y'^'+d^ 

For  the  product  of  A  multiplied  by  B  the  probable  error  is 
(5.)  e  =  i^jAd)^':\r(B^y2 

For  the  product  of  three  quantities,  ABC : 

(6.)  e=  i/(hCay  H-  (AC^)»  4-  {Aticy 

B 

For  a  quotient,  -v'  the  probable  error  becomes 


(7.) 


^/(?)•+'^ 
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Given  a  proportion,  A :  B : :  C :  a;,  the  probable  error  of  the  fourth  term 
is  as  follows : 

(8.)  ^^>/(¥y^5^ 

This  formula  is  used  in  nearly  every  atomic  weight  calculation,  and 
is,  therefore,  exceptionally  important.  Rarely  a  more  complicated  case 
arises  in  a  proportion  of  this  kind : 

A  :  B  : :  C  +  x :  D  +  X 

In  this  proportion  the  unknown  quantity  occurs  in  two  terms.  Its 
probable  error  is  found  by  this  expression,  and  is  always  large : 

^    ^  \(A— B)*^         ^      ^^     (A— B)» 

When  seyeral  independent  values  have  been  calculated  for  an  atomic 
weight  they  are  treated  like  means,  and  combined  according  to  formulae 
(2)  and  (3).  Each  final  result  is,  therefore,  to  be  regarded  as  the  general 
or  weighted  moan  of  all  trustworthy  determinations.  This  method  of 
combination  is  not  theoretically  perfect,  but  it  seems  to  be  the  one  most 
available  in  practice. 
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The  ratio  between  oxygen  and  hydrogen  is  the  foundation  upon  which 
the  entire  systeni  of  atomic  weights  is  sustained.  Hence,  the  accuracy 
of  its  determination  has,  from  the  beginning,  been  recognized  as  of  ex- 
treme importance.  A  trifling  error  here  may  become  cumulative  when 
repeated  through  a  moderate  series  of  other  ratios.  But  few  of  the 
elements  have,  so  far,  been  compared  directly  with  the  unit,  hydrogen ; 
practically  all  of  them  are  referred  to  it  through  the  intervention  of 
oxygen,  and  therefore  the  ratio  in  question  requires  discussion  before 
any  other  can  be  profitably  considered. 

Leaving  out  of  account  the  earliest  researches,  which  now  have  only 
historical  value,  the  first  determinations  to  be  noted  are  those  of  Dulong 
and  Berzelius,*  who,  like  some  of  their  successors,  effected  the  synthesis 
of  water  over  heated  oxide  of  copper.  The  essential  features  of  the 
method  are  in  all  cases  the  same.  Hydrogen  gas  is  passed  over  the  hot 
oxide,  and  the  water  thus  formed  is  collected  and  weighed.  From  this 
weight  and  the  loss  of  weight  which  the  oxide  undergoes,  the  exact  com- 

*  Thomfion'9  Annals  of  Philosophy,  July,  1821,  p.  50. 
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position  of  water  is  readily  calculated.  Dulong  and  Berzelius  made  bat 
three  experiments,  with  the  following  results  for  the  percentages  of 
oxygen?  and  hydrogen  in  water : 

O.  H. 

SS.94a  11.058 

88.809  1 1. 191 

88.954  11.046 

From  these  figures  we  get,  for  the  atomic  weight  of  oxygen,  the  values — 

16.124 
15.863 
16.106 


Mean,  16.031,  ±  .057. 

As  the  weighings  were  not  reduced  to  a  vacuum,  this  correction  was 
afterwards  applied  by  Clark,*  who  showed  that  these  syntheses  really 
make  0  =  15.894 ;  or,  in  Berzelian  terms,  if  0  =  100,  H  =  12.583.  The 
value  15.894,  ±:  .057  we  may  therefore  take  as  the  true  result  of  Dulong 
and  Berzelius'  experiments,  a  result  curiously  close  to  that  reached  in 
the  latest  and  best  researches. 

In  1842  Dumas  t  published  his  elaborate  investigation  upon  the  com- 
position of  water.  The  first  point  was  to  get  pure  hydrogen.  This  gas, 
evolved  from  zinc  and  sulphuric  acid,  might  contain  oxides  of  nitrogen^ 
sulphur  dioxide,  hydrosulphuric  acid,  and  arsenic  hydride.  These  im- 
purities were  removed  in  a  series  of  wash  bottles ;  the  H^S  by  a  solution 
of  lead  nitrate,  the  H3AS  by  silver  sulphate,  and  the  others  by  caustic 
potash.  Finally,  the  gas  was  dried  by  passincf  through  sulphuric  acid, 
or,  in  some  of  the  experiments,  over  phosphorus  pentoxide.  The  copper 
oxide  was  thoroughly  dried,  and  the  bulb  containing  it  was  weighed. 
By  a  current  of  dry  hydrogen  all  the  air  was  expelled  from  the  apparatus, 
and  then,  for  ten  or  twelve  hours,  the  oxide  of  copper  was  heated  to  dull 
redness  in  a  constant  stream  of  the  gas.  The  reduced  copper  was  allowed 
to  cool  in  an  atmosphere  of  hydrogen.  The  weighings  were  made  with 
the  bulbs  exhausted  of  air.    The  following  table  gives  the  results : 

Column  A  contains  the  symbol  of  the  drying  substance ;  B  gives  the 
weight  of  the  bulb  and  copper  oxide ;  C,  the  weight  of  bulb  and  red^uced 
copper ;  D,  the  weight  of  the  vessel  used  for  collecting  the  water ;  E,  the 
same,  plus  the  water ;  F,  the  weight  of  oxygen ;  G,  the  weight  of  water 
formed ;  H,  the  crude  equivalent  of  H  when  0  =  10,000 ;  I,  the  equiva- 
lent of  H,  corrected  for  the  air  contained  in  the  sulphuric  acid  employed. 
This  correction  is  not  explained,  and  seems  to  be  questionable. 

*  Philosophical  Magazine,  3d  series,  ao,  541. 
fCompt.  Rend.,  14,  537. 
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In  the  sum  total  of  those  nineteen  experiments,  840.161  grammes  of 
oxygen  form  945.439  grammes  of  water.  This  gives,  in  percentages,  for 
the  composition  .of  water — oxygen,  88.864;  hydrogen,  11.136.  Hence 
the  atomic  weight  of  oxygen,  caljculated  in  mass,  is  15.9608.  In  the 
following  column  the  values  are  deduced  from  the  individual  data  given 
under  the  headings  F  and  G : 

15.994 
16.014 
16.024 

15.992 
15.916 
15.916 

15.943 
16.000 
15.892' 

'  .  15.99? 

15.984 

15.958 
15.902 

15.987 
15.926 
15.992 
15.904 
15.900 
16.015 

,  Mean,  15.9607,  with  a  probable  error  of  ±'.0070. 

In  calculating  the  above  column  several  discrepancies  were  noted; 
probably  due  to  misprints  in  the  original  memoir.  On  comparing  col- 
umns B  and  C  with  F,  or  D  and  E  with  G,  these  anomalies  chiefly  ap- 
pear. They  were  detected  and  carefully  considered  in  the  course  of  my 
own  calculations ;  and,  I  believe,  eliminated  from  the  final  result. 

The  investigation  of  Erdmann  and  Marchand  *  followed  closely  after 
that  of  Dumas.  The  method  of  procedure  was  essentially  that  of  the 
latter  chemist,  differing  from  it  only  in  points  of  detail.  The  hydrogen 
used  was  prepared  from  zinc  and  sulphuric  acid,  and  the  zinc,  which 
contained  traces  of  carbon,  was  proved  to  be  free  from  arsenic  and  gul-^ 
phur.  The  copper  oxide  was  made  partly  from  copper  turnings  and 
partly  by  the  ignition  of  the  nitrate.  The  results  obtained  are  given  in 
two  series,  in  one  of  which  the  weighings  were  not  actually  made  in 
vacuo,  but  were,  nevertheless,  reduced  to  a  vacuum  standard.  In  the 
second  series  the  copper  oxide  and  copper  were  weighed  in  vacuo.  The 
following  table  contains  the  corrected  weights  of  water  obtained  and  o 
the  oxygen  in  it,  with  the  value  found  for  the  atomic  weight  of  oxygen 
in  a  third  column,.   The  weights  are  given  in  grammes. 

*  Journ.  ftkr  Prakt.  Chem.,  1843,  bd.  a6,  s.  461. 
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First  Series, 

m.  Water, 

Wt.O. 

^t.  WL  0, 

62.980 
95.612 
94.523 
35.401 

55.950 
84.924 
84.007 

31.461 

15.917 
15.891 

15.977 
15.970 

Mean,  15.939,  d=  .014 

Second  Series. 

Wt,  Water, 

WIO. 

At,  wt.  a 

41.664 
44.089 
53.232 
55.636 

37.034 
39.195 
47.321 
49.460 

15.996 
16.018 
16.01 1 
16.017 

Mean,  16.010,  db  .0036 

The  effect  of  discussing  these  two  series  separately  is  somewhat  start- 
ling. It  gives  to  the  four  experiments  in  Erdmann  and  Marchand's 
second  group  a  weight  vastly  greater  than  their  other  four  and  Dumas' 
nineteen  taken  together.  For  so  great  a  superiority  as  this  there  is  no 
adequate  reason ;  and  it  is  highly  probable  that  it  is  due  almost  entirely 
to  fortunate  coincidences,  rather  than  to  greater  accuracy  of  work.  We 
will,  therefore,  treat  Erdmann  and  Marchand's  experiments  as  one  series, 
giving  all  equal  weight,  the  mean  now  becoming  0  =  15.975,  dr  .0113. 
If  we  take  the  sum  of  the  eight  experiments,  483.137  grammes  water 
and  429.352  grammes  oxygen,  and  compute  from  these  figures,  then 
0  =  15.966. 

It  would  be  easy  to  point  out  the  sources  of  error  in  the  foregoing  sets 
of  determinations,  but  it  is  hardly  worth  while  to  do  so  ih  detail.  A  few 
leading  suggestions  are  enough  for  present  purposes.  First,  there  is  an 
insignificant  error  due  to  the  occlusion  of  hydrogen  by  metallic  copper, 
rendering  the  apparent  weight  of  the  latter  a  trifle  too  high.  Secondly, 
as  shown  by  Dittmar  and  Henderson,  hydrogen  dried  by  passage  through 
sulphuric  acid  becomes  perceptibly  contaminated  with  sulphur  dioxide. 
In  the  third  place,  Morley  *  has  found  that  hydrogen  prepared  from  zinc 
always  contains  carbon  compounds  not  removable  by  absorption  and 
washing.  Erdmann  and  Marchand  themselves  note  that  their  zinc  con- 
tained traces  of  carbon.  Finally,  copper  oxide,  especially  when  pre- 
pared by  the  ignition  of  the  nitrate,  is  very  apt  to  contain  gaseous  impuri- 
ties, and  particularly  occluded  nitrogen.f  Any  or  all  of  these  sources  of 
error  may  have  vitiated  the  three  investigations  so  far  considered,  but  it 
would  be  useless  to  speculate  as  to  the  extent  of  their  influence.    They 

*  Amer.  Chem.  Joum.,  la,  469.    1890. 

fSee  Richards'  work  cited  in  the  chapter  on  copper. 
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amply  account,  however,  for  the  differences  between  the  older  and  the 
later  determinations  of  the  constant  under  discussion. 

Leaving  out  of  account  all  measurements  of  the  relative  densities  of 
hydrogen  and  oxygen,  to  be  considered  separately  later,  the  next  de- 
termination to  be  noted  is  that  published  by  J.  Thomsen  in  1870  * 
Unfortunately  this  chemist  has  not  published  the  details  of  his  work, 
but  only  the  end  results.  Partly  by  the  oxidation  of  hydrogen  over 
heated  copper  oxide,  and  partly  by  its  direct  union  with  oxygen,  Thom- 
sen finds  that  at  the  latitude  of  Copenhagen,  and  at  sea  level,  one  litre  of 
dry  hydrogen  at  0^  and  760  mm.  pressure  will  form  .8041  gramme  of 
water.  According  to  Regnault,  at  this  latitude,  level,  temperature,  and 
pressure,  a  litre  of  hydrogen  weighs  .08954  gramme.  From  these  data 
0  =  16.9605.  It  will  be  seen  at  once  that  Thomsen's  work  depends  in 
great  part  upon  that  of  Regnault,  and  is  therefore  subject  to  the  correc- 
tions recently  applied  by  Crafts  and  others  to  the  latter.  These  cor- 
rections, which  will  be  discussed  further  on,  reduce  the  value  of  0  from 
15.9605  to  15.91.  In  order  to  combine  this  value  with  others,  it  is  neces- 
sary to  assign  it  weight  arbitrarily,  and  as  Thomsen  made  eight  experi- 
ments, which  are  said  to  be  concordant,  it  may  be  fair  to  rank  his 
determination  with  that  of  Erdmann  and  Marchand,  and  to  assume  for 
it  the  same  probable  error.  The  value  15.91,  ±  .0113  will  therefore  be 
taken  as  the  outcome  of  Thomsen's  research. 

In  1887  Cooke  and  Richards  published  the  results  of  their  elaborate 
investigation.f  These  chemists  weighed  hydrogen,  burned  it  over  copper 
oxide,  and  weighed  the  water  produced.  Th«  copper  oxide  was  prepared 
from  absolutely  pure  electrolytic  copper,  and  the  hydrogen  was  obtained 
from  three  distinct  sources,  as  follows :  First,  from  pure  zinc  and  hydro- 
chloric acid ;  second,  by  electrolysis,  in  a  generator  containing  dilute 
hydrochloric  acid  and  zinc-mercury  amalgam ;  third,  by  the  action  of 
caustic  potash  solution  upon  sheet  aluminum.  The  gas  was  dried  and 
purified  by  passage  through  a  system  of  tubes  and  towers  containing 
potash,  calcium  chloride,  glass  beads  drenched  with  sulphuric  acid,  and 
phosphorus  pentoxide.  No  impurity  could  be  discovered  in  it,  and  even 
nitrogen  was  sought  for  spectroscopically  without  being  found. 

The  hydrogen  was  weighed  in  a  glass  globe  holding  nearly  five  litres 
and  weighing  570.5  grammes,  which  was  counterpoised  by  a  second  globe 
of  exactly  the  same  external  volume.  Before  .filling,  the  globe  was  ex- 
hausted to  within  1  mm.  of  mercury  and  weighed.  It  was  then  filled 
with  hydrogen  and  weighed  again.  The  difference  between  the  two 
weights  gives  the  weight  of  hydrogen  taken. 

In  burning,  the  hydrogen  was  swept  from  the  globe  into  the  combus- 
tion furnace  by  means  of  a  stream  of  air  which  had  previously  been 
passed  over  hot  reduced  copper  and  hot  cupric  oxide,  then  through  potash 

*  Berichte  d.  DeuUch.  Cbcm.  Gcflell.,  1870,  s.  998. 
fProc.  Amer.  Acad.,  23, 149.    Am.  Chem.  Journ.,  m,  81. 
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bulbs,  and  finally  through  a  system  of  driers  containing  successively 
calcium  chloride,  sulphuric  acidi  and  phosphorus  pentoxide.  The  water 
formed  by  the  comliustion  was  collected  in  a  condensing  tube  connected 
with  a  U  tube  containing  phosphorus  pentoxide.  The  latter  was  fol- 
lowed by  a  safety  tube  containing  either  calcium  chloride  or. phosphorus 
pentoxide,  added  to  the  apparatus  to  prevent  reflex  diffusiw.  Full 
details  ad  to  the  arrangement  and  construction  of  the  apparatus  are 
given.  The  final  results  appear  in  three  series,  representing  |the  three 
sources  from  which  the  hydrogen  waa  obtained.  AH  weights  are  cor- 
rected to  a  vacuum. 


First  Series,- 

-Hydrogen  fr&m, 

• 

Zinc  and  Add, 

WLofH, 

WL  H^O. 

At.  m,  a 

.4233 

3.8048 

15.977 

.4136 

3.7094  . 

15.937 

.4213 

3.7834 

15.960 

.4163 

3.7345 

15.941 

.4131 

3.7085 

15954 

Mean,  15.954,  ±.0048 

Second  Series. — Electrolytic  Hydrogen, 

.4«i2 

3.6930 

15.962 

.4089 

3.6709 

15.955 

.4261 

3.8253 

15.955 

.4197 

3.7651 

15.942 

.4144 

3.7197 

15.953 
Mean,  15.953,  db  .0022 

•      Third  Series. 

— Hydrogen  from  Aluminum, 

.42205 

3.7865 

.  »5.943 

.4284 

3.8436 

15.944 

.4205 

3.7776 

15.967 

.43205 

3.8748 

iS.937                                                  1 

.4153 

3.7281 

^5.954                                                  1 

.4167 

3.7435 

15.967        •                    ; 

Mean,'  15.952,  d=  .0035 
•  Mean  of  all  as  ohe  series,  15.953,  db  .0020 

Shortly  after  the  appearance  of  this  paper  by  Cooke  and  Richards 
Lord  Rayleigh  pointed  out  the  fact,  already  noted  by-Agamennone,  that 
a  glasa  globe  when  exhausted  is  sensibly  condensed  by  the  pressure  of 
the.  surrounding  atmosphere.  This  fact  involves  acorrection  to  the  fore- 
going d^tay  due  to  a  change  in  the  tare  of  .the  globe  used,  and  this  cor- 
rection was  promptly  determined  and  applied  by  the  authors.*    By  a 

♦  Proc.  Amer.  Acad.,  23,  182.    Am.  Chem.  Journ.,  10,  191. 
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Careful  series  of  measurements  they  f6und  thiat  the  correction  amounted 
to  art  average  increase  of  1^98  milligrammes  to  the  weight  of  hydrogen 
taken  in  each  experiment.  Hence  O  equals  not  15.953,  biit  15.869,  the 
probable  error  remaining  unchanged.'  The  fiftal  result  of  Cooke  and 
Eichards'  investigation,  therefore,  is  ' 

0  =  15.869,  ±.0020. 

Keiser's  determinations  of  the  atomic  weight  of  oxygen  were  published 
almost  simultaneously  with  Cooke  and  Richards'.  He  burned  hydrogen 
occluded  by  palladium,  and  weighed  'the  water  so  formed.  In  a  pre- 
liminary paper  *  the  following  results  are  given : 

m.  of  H,  IVL  of  Hfi,  At,  m.  O. 
.65100                        5.81777  15.873 

.60517  5.41540  15.897 

.33733  3.00655  15.822 


Mean,  15.864,  ±.015 

Not  long  after  the  publication  of  the  foregoing  data  Keiser's  full  paper 
appeared.!  Palladium  foil,  warmed  to  a  temperature  of  250°,  was  satu- 
rated with  hydrogen  prepared  from  dilute  sulphuric  acid  and  zinc  free 
from  arsenic.  From  100  to  140  grammes  of  palladium  were  taken,  and 
it  was  first  proved  that  the  metal  did  not  absorb  other  gases  which  might 
contaminate  the  hydrogen.  Before  charging,  the  foil  was  heated  to  bright 
redness  in  va6uo.  After  charging,  the  tube  containing  the  palladium 
hydride  was  exhausted  by  means  of  a  Geissler  pump  to  remove  any 
nitrogen  which  might  have  been  present.  In  the  preliminary  investiga- 
tion cited  above,  the  latter  precaution  was  neglected,  which  may  account 
for  the  low  results. 

Between  the  palladium  tube  and  the  combustion  tube  a  U  tube  was 
interposed,  containing  phosphorus  pentoxide.  This  was  to  determine 
the  amount  of  moisture  in  the  hydrogen.  The  combustion  tube  was 
filled  with  granular  copper  oxide,  prepared  by  reducing  the  commercial 
oxide  in  hydrogen,  heating  the  metal  so  obtained  to  bright  redness  in  a 
vacuum,  and  then  reoxidizing  with  pure  oxygen. 

Upon  warming  the  palladium  tube,  which  was  first  carefully  weighed, 
hydrogen  was  given  off  and  allowed  to  pass  into  the  combustion  tube. 
When  the  greater  part  of  it  had  been  burned,  the  tube  was  cut  off  by 
means  of  a  stopcock  and  allowed  to  cool.  Meanwhile  a  stream  of  nitro- 
gen was  passed  through  the  combustion  tube,  sweeping  hydrogen  before 
it.  This  was  followed  by  a  current  of  oxygen,  reoxidizing  the  reduced 
copper;  and  the  copper  oxide  was  finally  cooled  in  a  stream  of  dry  air. 
The  water  produced  by  the  combustion  was  collected  in  a  weighed  bulb 
tube,  followed  by  a  weighed  U  tube  containing  phosphorus  pentoxide. 

•  Bcrichtc,  ao,  2323,    1887.. 

t  Amer.  Chem.  Journ.,  10,  249.    1888. 
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A  second  phosphorus  pentoxide  tube  served  to  prevent  the  sucking  back 
of  moisture  from  the  external  air.  The  loss  in  weight  of  the  palladium 
tube,  corrected  by  the  gain  in  weight  of  the  first  phosphorus  pentoxide* 
gave  the  weight  of  hydrogen  taken.  The  gain  in  weight  of  the  two  col- 
lecting tubes  gave  the  weight  of  water  formed.  All  weights  in  the  follow- 
ing table  of  results  are  reduced  to  a  vacuum : 

m,  of  H,  m.  n^o.  At  m,  a 


34145 

3.06338 

15.943 

68394 

6. 14000 

15.955 

65529 

5.88200 

15.952 

65295 

5.86206 

15.954 

66664 

5.981" 6 

15.944 

66647 

5-98341 

15.955 

57967 

5.20493 

15.958 

66254 

5.94758 

15.952 

.87770 

7.86775 

15.950 

.77215 

6.93036 

15.951 

Mean,  15.9514,  d=.ooii. 

In  sum,  6.55880  grammes  of  hydrogen  gave  52.30383  of  water,  whence 
0  «  15.9492. 

In  March,  1889,  Lord  Rayleigh  *  published  a  few  determinations  of  the 
atomic  weight  of  oxygen  obtained  by  still  a  new  method.  Pure  hydrogen 
and  pure  oxygen  were  both  weighed  in  glass  globes.  From  these  they 
passed  into  a  mixing  chamber,  and  thence  into  a  eudiometer,  where  they 
were  gradually  exploded  by  a  series  of  electric  sparks.  After  explosion 
the  residual  gas  remaining  in  the  eudiometer  was  determined  and  meas- 
ured. The  results,  given  without  weighings  or  explicit  details,  are  as 
follows : 

15.93 
15.98 
15.98 
15.93 
15.92 


Mean,  15.948,  di.009 

Correcting  this  result  for  shrinkage  of  the  globes  and  consequent  change 
of  tare,  it  becomes  0  =  15.89,  ±  .009. 

In  the  same  month  that  Lord  Rayleigh 's  paper  appeared,  Noyes  t  pub- 
lished his  first  series  of  determinations.  His  plan  was  to  pass  hydrogen 
into  an  apparatus  containing  hot  copper  oxide,  condensing  the  water 
formed  in  the  same  apparatus,  and  from  the  gain  in  weight  of  the  latter 
getting  the  weight  of  the  hydrogen  absorbed.    The  apparatus  devised  for 

•  Ptoc.  Roy.  Soc.,  45,  425. 

t  Amer.  Chenx.  Journ.,  11, 155.    1889. 
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this  purpose  consisted  essentially  of  a  glass  bulb  of  30  to  50  cc.  capacity, 
with  a  stopcock  tube  on  one  side  and  a  sealed  condensing  tube  on  the 
other.  In  weighing,  it  was  counterpoised  by  another  apparatus  of  nearly 
the  same  volume  but  somewhat  less  weight,  in  order  to  obviate  reduc- 
tions to  a  vacuum.  After  filling  the  bulb  with  commercial  copper  oxide 
(90  to  150  grammes),  the  apparatus  was  heated  in  an  airbath,  exhausted 
by  means  of  a  Sprengel  pump,  cooled,  and  weighed.  It  was  next  re- 
placed in  the  airbath,  again  heated,  and  connected  with  an  apparatus 
delivering  purified  hydrogen.  When  a  suitable  amount  of  the  latter  had 
been  admitted,  the  stopcock  was  closed,  and  the  heating  continued  long 
enough  to  convert  all  gaseous  hydrogen  within  it  into  water.  The  appa- 
ratus was  then  cooled  and  weighed,  after  which  it  was  connected  with  a 
Sprengel  pump,  in  order  to  extract  the  small  quantity  of  nitrogen  which 
was  always  present.  The  latter  was  pum})ed  out  into  a  eudiometer, 
where  it  was  measured  and  examined.  The  gain  in  weight  of  the  appa- 
ratus, less  the  weight  of  this  very  slight  impurity,  gave  the  weight  of 
hydrogen  oxidized. 

The  next  step  in  the  process  consisted  in  heating  the  apparatus  to  expel 
water,  and  weighing  again.  After  this,  pure  oxygen  was  admitted  and 
the  heating  was  resumed,  so  as  to  oxidize  the  traces  of  hydrogen  which 
had  been  retained  by  the  copper.  Again  the  apparatus  was  cooled  and 
weighed,  and  then  reheated,  when  the  water  formed  was  received  in  a 
bulb  filled  with  phosphorus  pentoxide,  and  the  gaseous  contents  were 
collected  in  a  eudiometer.  On  cooling  and  weighing  the  apparatus,  the 
loss  of  weight,  less  the  weight  of  gases  pumped  out,  gave  the  amount  of 
water  produced  by  the  traces  of  residual  hydrogen  under  consideration. 
This  weight,  added  to  the  loss  of  weight  when  the  original  water  was 
expelled,  gives  the  weight  of  oxygen  taken  away  from  the  copper  oxide. 
Having  thus  the  weight  of  hydrogen  and  the  weight  of  oxygen,  the 
atomic  weight  sought  for  follows.  Six  results  are  given,  but  as  they  are 
repeated,  with  corrections,  in  Noyes'  second  paper,  they  need  not  be 
considered  now. 

Noyes'  methods  were  almost  immediately  criticised  by  Johnson,*  who 
suggested  several  sources  of  error.  This  chemist  had  already  shown  in 
an  earlier  paper  f  that  copper  reduced  in  hydrogen  persistently  retains 
traces  of  the  latter,  and  also  that  when  the  reduction  is  effected  below 
700°,  water  is  retained  too.  The  possible  presence  of  sulphur  in  the 
copper  oxide  was  furthermore  mentioned.  Errors  from  these  sources 
would  tend  to  make  the  apparent  atomic  weight  of  oxygen  too  low. 

In  his  second  paper  X  Noyes  replies  to  the  foregoing  criticisms,  and 
shows  that  they  carry  no  weight,  at  least  so  far  as  his  work  is  concerned. 
He  also  describes  a  number  of  experiments  in  which  oxides  other  than 
copper  oxide  were  tried,  but  without  distinct  success,  and  he  gives  fuller 

♦  Chem.  News.  59,  272. 

t  Journ.  Chem.  Soc.,  May,  1879. 

t  Ainer.  Chem.  Joum.,  12,  441.    1890. 
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details  as  to  manipulations  and  materials.     His  final  results  are  in  four 
series,  as  follows : 

First  Series. — Hydrogen  from  Zinc  and  Hydrochloric  Acid. 

Wt.  of  H.  Wi,  of  O.  At.  WL  O. 

•9443                           7.5000  15.885 

.6744                           5.3555  15-882 

.7866                           6.2569  15-909 

.5521                           4.3903  15.904 

.4274                           3.3997  15.909 

.8265                           6.5686  15.895 


Mean,  15-8973,^.0032. 

This  series  appeared  in  the  earlier  paper,  but  with  an  error  which  is 
here  corrected. 

Second  Senes. — Electrolytic  Hydrogen,  Dried  by  PhoHphoncs  Pentoxide. 

IVt.  of  H.  WL  of  O.  At.  \Vt.  O. 

.5044  40095  15.898 

.6325  5.0385  15  932 

.6349  5.0517  15.913 

.5564  4.4175  ^5.879 

.7335  5.8224  15.876 

.6696  5-3181  15.885 


M can ,  1 5 .  897 1 ,  rt  .0064, 

Third  Series. — Electrolytic  Hydrogen,  Dried  by  Passage   Through  a  Tube 
Packed  with  Sodium   Wire. 


7.  of  H. 

Wt.  of  0. 

At.  Wt.  0. 

.9323 

7.4077 

15.891 

.9952 

7.9045 

15885 

.3268 

2.5977 

15.898 

.7907 

6.2798 

15.884 

.7762 

6.1671 

15.891 

.1221 

8.9131 

15.887 

Mean,  15.8893,  ±.0014 

At  the  end  of  this  series  it  was  found  that  the  h5'drogen  contained  a 
trace  of  water,  estimated  to  be  equivalent  to  an  excess  of  three  milli- 
grammes in  the  total  h3'dro^en  of  the  six  experiments.  Correcting  for 
this,  the  mean  becomes  0  =  1.5.899. 

Fourth  Series. — Electrolytic  Hydrogen,  Dried  over  Freshly  Sublimed  Phos- 
phorus Pentoxide. 

Wt.  of  H.  Wt.  of  O.  At   Wt.  O. 

1.0444  8.3017  15.898 

.7704  6.1233  15.896 

.8231  6.5421  15.896 

.8872  7.0490  15.890 

.9993  7-9403  15.892 

1.19*0  9.4595  15.885 

Mean,  15.8929,  ±  .0013 
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The  mean  of  all  the  twenty-four  determinations,  taken  as  one  series, 
with  the  correction  to  the  third  series  included,  is  O  =  15.8966,  dr  .0017. 
In  sum,  there  were  consumed  18.5983  grammes  of  hydrogen  and  147.8145 
of  oxygen ;  whence  0  =  15.8955. 

Dittmar  and  Henderson,*  who  eflfected  the  synthesis  of  water  over 
copper  oxide  by  what  was  essentially  the  old  method,  begin  their  memoir 
with  an  exhaustive  criticism  of  the  work  done  by  Dumas  and  by  Erd- 
mann  and  Marchand.  They  show,  as  I  have  already  mentioned,  that 
hydrogen  dried  by  sulphuric  acid  becomes  contaminated  with  sulphur 
dioxide,  and  also  that  a  gas  passed  over  calcium  chloride  may  still  retain 
as  much  as  one  milligramme  of  water  per  litre.  Fused  caustic  potash 
they  found  to  dr}''  a  gas  quite  completely. 

In  their  first  series  of  syntheses,  Dittmar  and  Henderson  generated 
their  hydrogen  from  zinc  and  acid,  sometimes  hydrochloric  and  some- 
times sulphuric,  and  dried  it  by  passage,  first  through  cotton  wool,  then 
through  vitrioled  pumice,  then  over  red-hot  metallic  copper  to  remove 
oxygen.  In  later  experiments  it  first  traversed  a  column  of  fragments 
of  caustic  soda  to  remove  antimony  derived  from  the  zinc.  The  oxide 
of  copper  used  was  prepared  by  heating  chemically  pure  copper  clip- 
pings in  a  muffle,  and  was  practically  free  from  sulphur.  In  weighing 
the  several  portions  of  apparatus  it  was  tared  with  somewhat  lighter 
similar  pieces  of  as  nearly  as  possible  the  same  displacement.  The  re- 
sults of  this  series  of  experiments,  which  are  vitiated  by  the  presence, 
unsuspected  at  first,  of  sulphur  dioxide  in  the  hydrogen,  are  stated  in 
values  of  H  when  O  =  16,  but  in  the  following  table  have  been  recalcu- 
lated to  the  usual  unit : 


WL  of  Water, 

\VL  of  0. 

At  Wt.  0. 

4.7980 

4.26195 

15.901 

7.55025 

6.71315 

16.039 

6.2372 

5.53935 

15.875 

11.29325 

10.03585 

15.963 

11.6728 

io.37'5 

15.940 

11.8433 

10.5256 

15.976 

".73»7 

10.4243 

15.947 

19.2404 

17.0926 

15.916 

20.83435 

"8.5234 

16.031 

17.40235 

15.4598 

15.917 

19.2631 

17.11485 

15.934 

Mean,  15.9491  ±.0103. 

Reducing  to  a  vacuum,  this  becomes  15.843,  while  a  correction  for  the 
sulphur  dioxide  estimated  to  be  present  in  the  hydrogen  brings  the  value 

»  Proc.  Roy.  Soc.  Glasgow,  22,  33.    Communicated  Dec.  17,  1890. 
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up  again  to  15.865.  Still  another  correction  is  suggested,  namely,  that 
as  the  reduced  copper  in  the  combustion  tube,  before  weighing,  was  ex- 
posed to  a  long-continued  current  of  dry  air,  it  may  have  taken  up  traces 
of  oxygen  chemically,  thereby  increasing  its  weight.  As  this  correction, 
however,  is  quantitatively  uncertain,  it  may  be  neglected  here,  and  the 
result  of  this  series  will  be  taken  as  0  =  15.865,  ±  .0103.  Its  weight, 
relatively  to  some  other  series  of  experiments,  is  evidently  small. 

In  their  second  and  final  series  Dittmax  and  Henderson  dried  their 
hydrogen,  after  deoxidation  by  red-hot  copper,  over  caustic  potash  and 
subsequently  phosphorus  pentoxide.  The  copper  oxide  and  copper  of 
the  combustion  tube  were  both  weighed  in  vacuo.  The  results  were  as 
follows,  vacuum  weights  being  given : 


m.  Water, 

m,o. 

At,  ivt,  a 

19.2057 

17.0530 

15.843 

19.5211 

17.3342 

[15-853] 

19.4672 

17.2882 

15.868 

22.9272 

20.3540 

15.820 

23.0080 

20.4421  , 

[^5.934] 

23.4951 

20.8639 

15.859 

23.5612 

20.9226 

[15.859] 

23.7542 

21.0957 

15.870 

23.6568 

21.8994 

15.884 

23.6179 

21.8593 

15.848 

24.6021 

21.8499 

15.878 

24.3047 

21.5788 

15.832 

23.6172 

20.9709 

15.849 

Mean,  15.861,  ±.0052. 

The  authors  reject  the  three  bracketed  determinations,  because  of 
irregularities  in  the  course  of  the  experiments.  The  mean  of  the  ten 
remaining  determinations  is  15.855,  ±l  .0044.  Both  means,  however, 
have  to  be  corrected  for  the  minute  trace  of  hydrogen  occluded  by  the 
reduced  copper.  This  correction,  experimentally  measured,  amounts  to 
+  .006.  Hence  the  mean  of  all  the  experiments  in  the  series  becomes 
15.867,  lb  .0052,  and  of  the  ten  accepted  experiments,  15.861,  ±:  .0044. 
The  authors  themselves  select  out  seven  experiments,  giving  a  corrected 
mean  of  15.866,  which  they  regard  as  the  best  value.  Taking  all  their 
evidence,  their  two  series  combine  thus : 

First  series IS.865,    rfc  .0103 

Second  series. '5.867,    ±.0052 

General  mean 15.8667,  ±:  .0046 

Leduc,*  who  also  effected  the  synthesis  of  water  over  copper  oxide, 

*  Compt.  Rend.,  115,  41.    1892. 
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following  Dumas'  method  with  slight  modifications,  gives  the  results  of 
only  two  experiments,  as  follows : 

m.  Water.  WL  O.  At,  Wt,  a 

22.1632  19.6844  15.8S2 

19.7403  17.5323  15.880 


Mean,  15.881 

These  experiments  we  may  arbitrarily  assign  equal  weight  with  two 
in  Dittmar  and  Henderson's  later  series,  when  the  result  becomes 
15.881,  ±  .0132,  the  value  to  be  accepted.  Leduc  states  that  his  copper 
oxide,  which  was  reduced  at  as  low  a  temperature  as  possible,  was  pre- 
pared by  heating  clippings  of  electrolytic  copper  in  a  stream  of  oxygen. 

To  E.  W.  Morley  *  we  owe  the  first  complete  quantitative  syntheses  of 
water,  in  which  both  gases  were  weighed  separately,  and  afterwards  in 
combination.  The  hydrogen  was  weighed  in  palladium,  as  was  done  by 
Keiser,  and  the  oxygen  was  weighed  in  compensated  globes,  after  the 
manner  of  RegnauH.  The  globes  were  contained  in  an  artificial  "  cave," 
to  protect  them  from  moisture  and  from  changes  of  temperature;  being 
so  arranged  that  they  could  be  weighed  by  .the  method  of  reversals  with- 
out opening  either  the  "  cave  "  or  the  balance  case.  For  each  weighing 
of  hydrogen  about  600  grammes  of  palladium  were  employed.  After 
weighing,  the  gases  were  burnt  by  means  of  electric  sparks  in  a  suitable 
apparatus,  from  which  the  unburned  residue  could  be  withdrawn  for 
examination.  Finally,  the  apparatus  containing  the  water  produced  was 
closed  by  fusion  and  also  weighed.  Rubber  joints  were  avoided  in  the 
construction  of  the  apparatus,  and  the  connections  were  continuous 
throughout.     The  weights  are  as  follows : 


H  taken 

0  taken. 

Hfi  formed. 

3.2645 

25.9*76 

29.1788 

3.2559 

25.8531 

29.1052 

3.8193 

30.3210 

34.1389 

3.8450 

30.5294 

Lost 

3.8382 

30.4700 

34.3>Si 

3.8523 

30.5818 

34.4327 

3.8298 

30.4013 

34.2284 

3.8286 

30.3966 

34.2261 

3.8225 

30.3497 

34  1742 

3.8220 

30.3479 

34.1743 

37637 

29.8865 

33.6540 

3.8211 

30.3429 

34.1559 

*"On  the  Density  of  Oxys^en  and  Hydrog^en,  and  on  the  Ratio  of  their  Atomic  Weights,"  by 
Edward  W.  Morley.  Smithsonian  Contributions  to  Knowledge,  1895,  4to,  zi  +  117  pp.,  40  cuts. 
Abstract  in  Am.  Chem.  Journ..  17,  267  (gra\*imetric),  and  Ztschr.  Phys.  Chem.,  17,  87  (gaseous  densi- 
ties) ;  also  note  in  Am.  Chem.  Journ.,  17,  396.  Preliminary  notice  in  Proc.  Amer.  Association, 
1891,  p.  185. 
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Hence  we  have — 

H :  O  Ratio  H :  H^O  Ratio, 

15.878  17.877 

15.881  17.878 

15.878  17.873 

15.880  

15.877  17.881 

15.877  17.876 

15.877  17.87s 

15.878  17.879 

15.879  17.881 

15.881  17.883 

15.881  17.883 

15.882  17.878 


Mean,  15.8792,  ±.  .cxx)32  Mean,  17.8785,  ±.00066 

Combined,  these  data  give : 

From  ratio  H, :  O  .      O  =  15.8792,  ±  .00032 

"     H,:H,0 0=- 15.8785,  ±.00066 

General  mean O  -=  15.8790,  dr  .00028 

For  details,  Morley'a  full  paper  must  be  consulted.  No  abstract  can 
do  justice  to  the  remarkable  work  therein  recorded. 

Two  other  series  of  determinations,  by  Julius  Thomsen,  remain  to  be 
noticed.  In  the  earlier  paper*  he  determined  the  ratio  between  HCl 
and  NH,,  and  thence,  using  Stas'  values  for  CI  and  N,  fixed  by  reference 
to  0  =  16,  computed  the  ratio  H  :  0.  This  method  was  so  indirect  as  to 
be  of  little  importance,  and  gave  for  the  atomic  weight  of  oxygen  approxi- 
mately the  round  number  16.  I  shall  use  the  data  farther  on  in  cal- 
culating the  atomic  weight  of  nitrogen.  The  paper  has  been  sufficiently 
criticised  by  Meyer  and  Seubert,t  who  have  discussed  its  sources  of  error. 

In  Thomsen's  later  paper  %  a  method  of  determination  is  described 
which  is,  like  the  preceding,  quite  novel,  but  more  direct.  First,  alu- 
minum, in  weighed  quantities,  was  dissolved  in  caustic  potash  solution. 
In  one  set  of  experiments  the  apparatus  was  so  constructed  that  the 
hydrogen  evolved  was  dried  and  then  expelled.  The  loss  of  weight  of 
the  apparatus  gave  the  weight  of  the  hydrogen  so  liberated.  In  the 
second  set  of  experiments  the  hydrogen  passed  into  a  combuftion 
chamber  in  which  it  was  burned  with  oxygen,  the  water  being  retained. 
The  increase  in  weight  of  this  apparatus  gave  the  weight  of  oxygen  so 
taken  up.  The  two  series,  reduced  to  the  standard  of  a  unit  weight  of 
aluminum,  gave  the  ratio  between  oxygen  and  hydrogen. 

•Zcitach.  Physikal.  Chem.,  13,  398.    1894. 
tBer.,  27,  2770. 
•  tZeitsch.  Aiiorg.  Chera.,  :i,  14.    1895. 
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The  results  of  the  two  series,  reduced  to  a  vacuum  and  stated  as  ratios, 
are  as  follows : 

First.  Second. 

Weight  of  H  Weight  of  O 

Weight  of  Al'  Weight  of  Al' 

0.11180  0.88788 

0.1 1 17s  0.8S799 

0.1 I 194  0.88774 

0.1 1 205  0.88779 

0.1 I 189  0.88785 

0.1 I 200  0.88789 

0.1 I 194  C.SS798 

o.  II 175  088787 

0.11190  0.88773 

0.1 1 182  0.88798 

0.11204  0.8S785 

0.1 1 202  

0.1 1204  0.88787,  ih  0.000018 

0.1 I 179 

0.1 1 178 

0.1 1202 

o.  II 188 

0.1 1 186 

0.11185 

0.1 1 190 

0.1 1 187 

o. II 190,  ifc  0.000015 

Dividing  the  mean  of  the  second  column  by  tlie  mean  of  the  first,  we 
have  for  the  equivalent  of  oxygen  : 

088787,3^0.000018  _  ^  ^^^^ 

0. 1 1 190,  db  0.000015 

Hence  0  =  15.8690,  ±  0.0022. 

The  details  of  the  investigation  are  somewhat  complicated,  and  involve 
various  corrections  which  need  not  be  considered  here.  The  result  a.s 
stated  includes  all  corrections  and  is  evidently  good.  The  ratios,  how- 
ever, cannot  be  reversed  and  used  for  measuring  the  atomic  weight  of 
aluminum,  because  the  metal  employed  was  not  absolutely  pure. 

We  have  now  before  us,  representing  syntheses  of  water,  thirteen  series, 
as  follows : 

Dulong  and  Berzelius O  =  15.894,    d=  .057 

Dumas 15.9607,  ±:  .0070 

Erdmann  and  Marchand i5-975i    db  .01 13 

Thomsen,  1870 iS-9i,      zb.0113 

Cooke  and  Richards 15-869,    rb  .0020 

Kciser,  1887 15-^6^,    rb.015 

"        1888 15.9514,1^.0011 
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Rayleigh >  15.89,      zb  .009 

Noyes 15.8966,  i  .0017 

Dittmar  and  Henderson 15.8667,  db  .0046 

Leduc 15.881,    ±.0132 

Morley 15.8790,^.00028 

Thomsen,  1895 15.8690,  zt  .0022 

General  mean O  =  15.8837,  ±  .00026 

Rejecting  Keiser 15.8796,  zt  .00027 

If  we  reject  all  except  the  determinations  of  Cooke  and  Richards,  Ray- 
leigh, Noyes,  Dittmar  and  Henderson,  I^duc,  Thomsen,  and  Morley,  the 
general  mean  of  these  becomes  15.8794,  ±  .00027.  From  this  it  is  evi- 
dent that  Reiser's  determinations  alone,  among  the  higher  values  for  0, 
carry  any  appreciable  weight ;  and  it  also  seems  clear  that  the  rounded- 
off  number,  O  =  15.88,  it  .0003,  cannot  be  very  far  from  the  truth;  at 
least  so  far  as  the  synthetic  evidence  goes. 


In  discussing  the  relative  densities  of  oxygen  and  hydrogen  gases  we 
need  consider  only  the  more  modern  determinations,  beginning  with 
those  of  Dumas  and  Boussingault.  As  the  older  work  has  some  his- 
torical value,  I  may  in  piissing  just  cite  its  results.  For  the  density  of 
hydrogen  we  have  .0769,  Lavoisier;  .0693,  Thomson;  .092,  Cavendish; 
.0732,  Biot  and  Arago ;  .0688,  Dulong  and  Berzelius.  For  oxygen  there 
are  the  following  determinations :  1.087,  Fourcroy,  Vauquelin,  and  Se- 
guin;  1.103,  Kirwan;  1.128,  Davy;  1,088,  Allen  and.  Pepys ;  1.1036,  Biot 
and  Arago;  1.1117,  Thomson;  1.1056,  DeSaussure;  1.1026,  Dulong  and 
Berzelius;  1.106,  Buff;  1.1052,  Wrede.* 

In  1841  Dumas  and  Boussingault  f  published  their  determinations  of 
gaseous  densities.  For  hydrogen  they  obtained  values  ranging  from  .0691 
to  .0695 ;  but  beyond  this  mere  statement  they  give  no  details.  For 
oxygen  three  determinations  were  made,  with  th^  following  results : 

1. 1055 
1. 1058 

1. 1057 


Mean,  1. 10567,  ±  .00006 

If  we  take  the  two  extreme  values  given  above  for  hydrogen,  and  re- 
gard them  as  the  entire  series,  they  give  us  a  mean  of  .0693,  ±:  .00013. 
This  mean  hydrogen  value,  combined  with  the  mean  for  oxygen,  gives 
for  the  latter,  when  H  =  1,  the  density  ratio  15.9538,  ±  .031. 

Regnault  s  researches,  published  four  years  later,  J  were  much  more 

*  For  Wrede's  work,  see  Berzelius'  Jahresbericht  for  1843.  For  Dulong  and  Berzelius,  see  the 
paper  already  cited.  All  the  other  determinations  are  taken  from  Gmelin's  Handbook,  Caven- 
dish edition,  v.  i,  p.  279. 

tCompt.  Rend.,  12,  1005.    Compare  also  with  Dumas,  Compt.  Rend.,  14,  537. 

X  Compt.  Rend.,  20,  975. 
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elaborately  executed.  Indeed,  they  have  long  stood  among  the  classics 
of  physical  science,  and  it  is  only  recently  that  they  have  been  sup- 
planted by  other  measurements. 

For  hydrogen   three  determinations  of  density  gave  the  following 
results : 

.06923 

.06932 

.06924 


Mean,  .069263,  ±:  .000019 

For  oxygen  four  determinations  were  made,  but  in  the  first  one  the 
gas  was  contaminated  by  traces  of  hydrogen,  and  the  value  obtained, 
1.10525,  was,  therefore,  rejected  by  Regnault  as  too  low.  The  other  three 
are  as  follows : 

1.10561 

1. 10564 

1. 10565 

Mean,  1.105633,  ±  .000008 

Now,  combining  the  hydrogen  and  oxygen  series,  we  have  the  ratio 
H  :  0 :  :  1 :  15.9628,  ±  .0044.  According  to  Jje  Conte,*  Regnault 's  reduc- 
tions contain  slight  numerical  errors,  which,  corrected,  give  for  the  density 
of  oxygen,  1.105612,  and  for  hydrogen,  .069269.     Ratio,  1 :  15.9611. 

A  much  weightier  correction  to  Regnault^s  data  has  already  been  in- 
dicated in  the  discussion  of  Cooke  and  Richards'  work.  He  assumed 
that  the  globes  in  which  the  gases  were  weighed  underwent  no  changes 
of  volume,  but  Agamennone,t  and  after  him,  but  independently,!  Lord 
Rayleigh  showed  that  an  exhausted  vessel  was  perceptibly  compressed 
by  atmospheric  pressure.  Hence  its  volume  when  empty  was  less  than 
its  volume  when  filled  with  gas.  Crafts,  having  access  to  Regnault's 
original  apparatus,  has  determined  the  magnitude  of  the  correction  indi- 
cated.§  Unfortunately,  the  globe  actually  used  by  Regnault  had  been 
destroyed,  but  another  globe  of  the  same  lot  was  available.  With  this 
the  amount  of  shrinkage  during  exhaustion  was  measured,  and  Reg- 
nault's  densities  were  thereby  changed  to  1.10562  for  oxygen,  and 
.06949  for  hydrogen.  Corrected  ratio,  1 :  15.9105.  Doubtless  Dumas 
and  Boussingault's  data  are  subject  to  a  similar  correction,  and  if  we 
assume  that  it  is  proportionally  the  same  in  amount,  the  ratio  derived 
from  their  experiments  becomes  1 :  15.9015. 

In  the  same  paper,  that  which  contained  the  discovery  of  this  correc- 
tion, Lord  Rayleigh  gives  a  short  series  of  measurements  of  his  own. 

•  Private  communication.    See  also  Phil.  Mag.  (4),  27,  29,  1864.  and  Smithsonian  Report,  1878, 
p.  4*8. 
t  Atti  Rendiconti  Acad.  Lincei.  1885. 
X  Proc.  Roy.  Soc..  43,  356.    Feb.,  1888. 
2  Conipt  Rend..  106,  1663. 


26 


THE  ATOMIC   WEIGHTS. 


His  hydrogen  was  prepared  from  zinc  and  sulphuric  acid,  and  was  puri- 
fied by  passage  over  liquid  potash,  then  through  powdered  mercuric 
chloride,  and  then  through  pulverized  solid  potash.  It  was  dried  by 
means  of  phosphorus  pentoxide.  His  oxygen  was  derived  partly  from 
potassium  chlorate,  and  partly  from  the  mixed  chlorates  of  sodium  and 
potassium.     Equal  volumes  of  the  two  gases  weighed  as  follows  : 


.15S11 
.15807 
.15798 
.15792 

Mean,  .15802,  it  000029. 


2.5186,  db  .Q0061* 


Corrected  for  shrinkage  of  the  exhausted  globe  these  become — H, 
0.15860 ;  0,  2.5192.     Hence  the  ratio  1  :  15.884,  ±  .0048. 

In  1892  Rayleigh  published  a  much  more  elaborate  determination  of 
this  ratio.f  The  gases  were  prepared  electroly  tically  from  caustic  potash , 
and  dried  by  means  of  solid  potash  and  phosphorus  pentoxide.  The 
hydrogen  was  previously  passed  over  hot  copper.  The  experiments, 
stated  like  the  previous  series,  are  in  five  groups  ;  two  for  oxygen  and 
three  for  hydrogen ;  but  for  present  purposes  the  similar  sets  may  be 
regarded  as  equal  in  weight,  and  so  discussable  together.  The  weights 
of  equal  volumes  are  as  follows : 


First  set 
Mean,  .15808 


Second  set 
Mean,  .15797 


Third  set 
Mean,  .15804 


H, 

.15807 
.15816 
.15811 
.15803 
.15801 
.15809 
.15800 
.15820 
.'5792 
.15788 

.15783 
.15807 
.15801 
.15817 
.15790 
.15810 

.15798 
.15802 
.15807 

Mean,  .15804,  ±  .000019. 


O. 

2.5182 

2-5'73 
2.5172 

2.5«93 
2.5<74 
2.5177 
2.5183 
2.5168 
25172 
2.5181 
2.5156 


First  set. 
Mean,  2.51785. 


Second  set. 
Mean,  2.5172. 


Mean,  2.5176,  ±  .00019. 


♦Arbitrarily  assigned  the  probable  error  of  a  single  experiment  in  Rayleigh's  paper  of  1892. 
tProc.  Roy.  Soc.,  50,  448,  Feb.  18, 1892. 
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These  weights  with  various  corrections  rehitive  to  temperatures  and 
pressures,  and  also  for  the  compression  of  the  exhausted  globe,  ulti- 
mately become  for  H,  .158531;  and  for  0,  2.51777.  Hence  the  ratio 
1  :  15.882,  ±1  .0028.  For  details  relative  to  corrections  the  original 
memoir  should  be  consulted. 

In  his  paper  '*  On  a  new  method  of  determining  gas  densities,"  *  Cooke 
gives  three  measurements  for  hydrogen,  referred  to  air  as  unity.  They 
are: 

.06957 
.06951 
.06966 


Mean,  .06958,  -Jz  .000029 

Combining  this  with  Regnault's  density  for  oxygen,  as  corrected  by 
Crafts,  1.10562,  ±  .000008,  we  get  the  ratio  II :  0  :  :  1 :  15.890,  ±  .0067. 

Leduc,  working  by  Regnault's  method,  somewhat  modified,  and  cor- 
recting for  shrinkage  of  exhausted  globes,  gives  the  following  densities :  f 

//.  O. 

.06947  1. 1 050 1 

.06949  1. 105 1 6 
.06947 


Mean,  .06948,  dz  .00006745 

'  The  two  oxygen  measurements  are  the  extremes  of  three,  the  mean 
being  1.10506,  ±  .0000337.     Hence  the  ratio  1 :  15.905,  ±  .0154. 

The  first  two  hydrogen  deter riflinatioi^  were  made  with  gtis  produced 
by  the  electrolysis  of  caustic  potash,  while  the  third  sample  was  derived 
from  zinc  and  sulphuric  acid.  The  oxygen  was  electrolytic.  Both  gases 
were  passed  over  red-hot  platinum  sponge,  and  dried  by  phosphorus 
pentoxide. 

Much  more  elaborate  determinations  of  the  two  gaseous  densities  are 
tliose  made  by  Morley.  X  For  oxygen  he  gives  three  series  of  data;  two 
with  oxygen  from  potassium  chlorate,  and  one  with  gas  partly  from  the 
same  source  and  partly  electrolytic.  In  the  first  series,  temperature  and 
pressure  were  measured  with  a  mercurial  thermometer  and  a  mano- 
barometer.  In  the  second  series  they  were  not  determined  for  each 
experiment,  but  were  fixed  by  comparison  with  a  standard  volume  of 
hydrogen  by  means  of  a  differential  manometer.  In  the  third  series  the 
gaa  was  kept  at  the  temperature  of  melting  ice,  and  the  mano-barometer 

*Proc.  Amer.  Acad.,  24.  202.    1889.    Also  Am.  Chem.  Journ.,  zi,  509. 

fCompt.  Rend.,  113,  186.    1891. 

X  Paper  already  cited,  under  the  gravimetric  portion  of  this  chapter. 
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alone  was  read.    The  results  for  the  weight  in  grammes,  at  latitude  45° 
of  one  litre  of  oxygen  are  as  follows : 


Firsi  Series. 

Second  Series, 

Third  Serus, 

1.42864 

1.42952 

1.42920 

1.42849 

1.42900 

1.42S60 

1.42838 

1.42863 

1.42906 

1.42900 

1.42853 

1.42957 

1.42907 

1.42858 

1.42910 

1.42887 

1.42873 

1.42930 

1. 4287 1 

1. 42913 

1.42945 

1.42872 

1.42905 

1.42932 

1.428^3 

1.42896 
1.42880 

1.42908 

1.42910 

Mean,  1.42875,  dr  .COO051 

1.42874 

1.4295' 

Corrected,^  '-42879,  ±  .000051 

1.42878 
1.42872 
1.42859 
1. 4285 1 

'.42933 
1.42905 

'.42914 
1.42849 
1.42894 

Mean 

1.42882,  ± 

.000048 

1.42886 

Corrected 

1.42887,  ±: 

.000048 

Mean,  i. 4291 2,  d=  .000048 
Conected,  1.429 17,  rh  .000048 


General  mean  of  all  three  series,  1.42896,  ±  .000028. 


Morley  himself,  for  experimental  reasons,  prefers  the  last  series,  and 
gives  it  double  weight,  getting  a  mean  density  of  1.42900.  The  differ- 
ence between  this  mean  and  that  given  above  is  insignificant  with  ref- 
erence to  the  atomic  weight  problem. 

In  the  case  of  hydrogen,  Morley's  determinations  fall  into  two  groups, 
but  in  both  the  gas  was  prepared  by  the  electrolysis  of  pure  dilute  sul- 
phuric acid,  and  was  most  elaborately  purified.  In  the  first  group  there 
are  two  series  of  measurements.  Of  these,  the  first  involved  the  reading 
of  temperature  and  pressure  by  means  of  a  mercurial  thermometer  and 
mano-barometer.  In  the  second  series,  the  gas  was  delivered  into  the 
weighing  globes  after  occlusion  in  palladium ;  it  was  then  kept  at  the 
temperature  of  melting  ice,  and  only  the  syphon  barometer  was  read. 
In  this  group  the  hydrogen  was  possibly  contaminated  with  mercurial 
vapor,  and  the  results  are  discarded  by  Morley  in  his  final  summing  up. 
For  present  purposes,  however,  it  is  unnecessary  to  reject  them,  for  they 
have  confirmatory  value,  and  do  not  a[)preciably  afiect  the  final  mean. 
The  weight  of  one  litre  of  hydrogen  at  45°  latitude,  as  found  in  these  two 
sets  of  determinations,  is  as  follows : 

•Correction  applied  by  Morley  to  all  his  series,  for  a  slight  error,  y^yj^yij,  in  the  length  of  his 
standard  metre  bar. 
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First  Series, 

Second  Series. 

.089904 

.089977 

.089936 

.089894 

.089945 

.089987 

.089993 

.089948 

.089974 

.089951 

.089941 

.089960 

.089979 

.090018 

.089936 

.089909 

.089904 

.089953 

.089863 

.089974 

.089878 

.089922 

.089920 

.090093 

.089990 

.090007 

.089926 

.089899 

.089928 

.089974 



.089900 

Mean,  .089934,  d=  .000007 

.089869 

Corrected,  .089938,  d=  .000007 

.090144 

.089984 
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Mean,  .089967,  ±  .000011 
Corrected,  .089970,  ±  .000011  , 

In  the  second  group  of  experiments,  the  hydrogen  was  weighed  in 
palladium  before  transfer  to  the  calibrated  globe;  and  in  weighing,  the 
palladium  tube  was  tared  by  a  similar  apparatus  of  nearly  equal  volume 
and  weight.  After  transfer,  which  was  effected  without  the  intervention 
of  stopcocks,  the  volume  and  pressure  of  the  gas  were  taken  at  the 
temperature  of  melting  ice.  A  preliminary  set  of  measurements  was 
made,  followed  by  three  regular  series;  of  these,  the  first  and  second 
were  with  the  same  apparatus,  and  are  different  only  in  point  of  time, 
a  vacation  falling  between  them.  The  last  series  was  with  a  different 
apparatus.    The  data  are  as  follows,  with  the  means  as  usual : 


Preliminary, 

Third  Series, 

Fourth  Series. 

Fifth  Series, 

.089946 

.089874 

.089972 

.089861 

.089915 

.089891 

.089877 

.089877 

.089881 

.089886 

.089867 

.089870 

.089901 

.089866 

.089916 

.089867 

.089945 

.089911 

.089770 

.089839 

.089856 

.089846 

.089874 

Mean,  .089918, 

.089912 

.089864 

d: .0000271 

.089872 

Mean,  .089875, 

.089883 

Conccted,  .089921 

±  .0000187 

.089830 

Mean, 

.089883,  Corrected,  .089880 

.089877 

±1 

.00C0049 

.089851 

^(\rr*/^«/1 

.089886 

Mean,  .089863, 

±  .0000034 

Corrected,  .089866 
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Now,  rejecting  nothing,  we  may  combine  all  the  series  into  a  general 
mean,  giving  the  weight  of  one  litre  of  hj^drogen  as  follows  : 

First  series 089938,  dz  .000007 

Second' series 089970,  zt  .00001 1 

Preliminary  series,  second  method 089921,  dz  .0000271 

Third  series 089886,  dz  .0000049 

Fourth    "    089880,  ±  .0000187 

Fifth       "    089866,  ±  .0000034 

General  mean 089897,  ±  .0000025 

Rejecting  the  first  three 089872,  i+z  .oox»28 

This  last  mean  value  for  hydrogen  will  be  used  in  succeeding  chapters 
of  this  work  for  reducing  volumes  of  the  gas  to  weights.  Combining 
the  general  mean  of  all  with  the  value  found  for  the  weight  of  a  litre  of 
oxygen,  1.42896,  ib  .000028,  we  get  for  the  ratio  H  :  0, 

0  =  15  8955,  zfc  .0005 

If  we  take  only  the  second  mean  for  H,  excluding  the  first  three  series, 

we  have — 

0  =  15.9001,^.0005 

This  value  is  undoubtedly  nearest  the  truth,  and  is  preferable  to  all 
other  determinations  of  this  ratio.  Its  probable  error,  however,  is  given 
too  low ;  for  some  of  the  oxygen  weighings  involved  reductions  for  tem- 
perature and  pressure.  These  reductions  involve,  again,  the  coefficient  of 
expansion  of  the  gas,  and  its  probable  error  should  be  included.  Since, 
however,  that  factor  has  been  disregarded  elsewhere,  it  would  be  an  over- 
refinement  of  calculation  to  include  it  here. 

In  a  memoir  of  this  kind  it  is  impossible  to  do  full  justice  to  so  elab- 
orate an  investigation  as  that  of  Morley.  ITie  details  are  so  numerous, 
the  corrections  so  thorough,  the  methods  for  overcoming  difficulties  so 
ingenious,  that  many  pages  would  be  needed  in  order  to  present  any- 
thing like  a  satisfactory  abstract.  Hardly  more  than  the  actual  results 
can  be  cited  here;  for  all  else  the  original  memoir  must  be  consulted. 

Still  more  recently,  by  a  novel  method,  J.  Thomsen  has  measured  the 
two  densities  in  question.*  In  his  gravimetric  research,  already  cited, 
he  ascertained  the  weighte  of  hydrogen  and  of  oxygen  equivalent  to  a 
unit  weight  of  aluminum.  In  his  later  paper  he  describes  a  method  of 
measuring  the  corresponding  volumes  of  both  gases  during  the  same 
reactions.  Then,  having  already  the  weights  of  the  gases,  the  volume- 
weight  ratio,  or  density,  is  in  each  case  easily  computable.  From  1.0171 
to  2.3932  grammes  of  aluminum  were  used  in  each  experiment.  Omit- 
ting details,  the  volume  of  hydrogen  in  litres,  equivalent  to  one  gramme 
of  the  metal,  is  as  follows : 

♦Zeitschr.  Anorg.  Chera.,  12,  4.    1896. 
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,  1.24297 

1.24303  , 

1.24286 

1.2427 1 

1.24283 

1.24260 

i.243»4 
1.24294 

Mean,  1.24289,  zb  .00004 

The  weight  of  hydrogen  evolved  from  one  gramme  of  aluminum  was 
found  in  Thomsen's  gravimetric  research  to  be  0.11190,  ±:  .000015. 
Hencfe  the  weight  of  one  litre  at  0°,  760  mm.,  and  10.6  meters  above  sea 
level  at  Copenhagen  is : 

•.090032,  rb  .000012; 

•  or  at  sea  level  in  latitude  45°, 

.089947,  ih  .000012  gramme. 

The  data  for  oxygen  are  given  in  somewhat  different  form,  namely, 
for  the  volume  of  one  gramme  of  the  gas  at  0°,  760,  and  at  Copenhagen. 
The  values  are,  in  litres : 

.69902 
.69923 
,  •  .69912 
.69917 
.69903 
.69900 
%  .69901 

.69921 
.69901 
.69922 

Mean,  .69910,  =h  .00002 
At  sea  level  in  latitude  45°,  .69976,  db  .00002 

Hence  one  litre  weighs  1.42906,  ±  .00004  grammes. 

Dividing  this  by  the  weight  found  for  hydrogen,  0.089947,  ±  .000012 
we  have  for  the  ratio  H :  0, 

15.8878,  db  .0022. 

The  density  ratios,  H  :  0,  now  combine  as  follows  : 

Dumas  and  Boussingault,  corrected I5-90I5»  ±  '^3^ 

Regnault,  corrected >5.9'05i  ±  -0044 

Rayleigh,  1888 15-884,    ±  .0048 

"  1892 15.882,    ±.0023 

Cooke 15.890,    dt  .0067 

Leduc 15-905.    =to»54 

Morley,  including  all  the  dato 15-8955,  ±  -0005 

Thomsen 15.8878,  d=  .0022 

General  mean 15-8948,  db  .00048 
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If  we  reject  all  of  Morley's  data  for  the  density  of  hydrogen  except  his 
third,  fourth,  and  fifth  series,  the  mean  becomes 

0  =  15.8991,  ±.00048. 

In  either  case  Morley's  data  vastly  outweigh  all  others. 

If  oxygen  and  hydrogen  were  perfect  gases,  uniting  by  volume  to  form 
water  exactly  in  the  ratio  of  one  to  two,  then  the  density  of  the  first  in 
terms  of  the  second  would  also  express  its  atomic  weight.  But  in  fact, 
the  two  gases  vary  from  Boyle's  law  in  opposite  directions,  and  the  true 
composition  of  water  by  volume  diverges  from  the  theoretical  ratip  to  a 
measurable  extent.  Hence,  in  order  to  deduce  the  atomic  weight  of 
oxygen  from  its  density,  a  small  correction  must  be  applied  to  the  latter? 
dependent  upon  the  amount  of  this  divergence.  Until  recently,  our 
knowledge  of  the  volumetric  composition  of  water  rested  entirely  upon 
the  determinations  made  by  Humboldt  and  Gay-Lussac*  early  in  this 
century,  which  gave  a  ratio  between  H  and  0  of  a  little  less  than  2 : 1, 
but  their  data  need  no  farther  consideration  here. 

In  1887  Scott  t  published  his  first  series  of  experiments,  21  in  number, 
finding  as  the  most  probable  result  a  value  for  the  ratio  of  1.994  : 1.  In 
March,  1888,J  he  gave  four  more  determinations,  ranging  from  1.9962  to 
1.998: 1;  and  later  in  the  same  year§  another  four,  with  values  from 
1.995  to  2.001.  In  1893,  ||  however,  by  the  use  of  improved  apparatus, 
he  was  able  to  show  that  his  previous  work  was  vitiated  by  errors,  and  to 
give  a  series  of  measurements  of  far  greater  value.  Of  these,  twelve  were 
especially  good,  being  made  with  hydrogen  from  palladium  hydride, 
and  with  oxygen  from  silver  oxide.  In  mean  the  value  found  is 
2.00245,  ±  .00007,  with  a  range  from  2.0017  to  2.0030. 

In  1891  an  elaborate  paper  by  Morley  ^  appeared,  in  which  twenty 
concordant  determinations  of  the  volumetric  ratio  gave  a  mean  value  of 
2.00023,  dz  .000015.  These  measurements  were  made  in  eudiometer 
tubes,  and  were  afterwards  practically  discarded  by  the  author.  In  his 
later  and  larger  paper,  **  however,  he  redetermined  the  ratio  from  the 
•  density  of  the  mixed  electrolytic  gases,  and  found  it  to  be,  after  applying 
all  corrections,  2.00274.  The  probable  error,  roughly  estimated,  is  .00005. 
Morley  also  reduces  Scott's  determinations,  which  were  made  at  the  tem- 
perature of  the  laboratory,  to  0°,  when  the  value  becomes  2.00285.  The 
mean  value  of  both  series  may  therefore  be  put  at  2.0028,  ±  .00004,  with 
sufficient  accuracy  for  present  purposes.    Leduc's  ft  single  determination, 

•  Journ.  de  Phys.,  60,  129. 

fProc.  Roy.  Soc.,  42,  396. 

:  Nature,  37.  439- 

g  British  Assoc.  Report,  1888,  631. 

I  Proc.  Roy.  Soc,  53,  130.    In  full  in  Philosophical  Transactions,  184,  543.    1893. 

f  Amer.  Journ.  Sci.  (3),  46,  220,  and  276. 

•*  Already  cited  with  reference  to  syntheses  of  water. 

ttCompt.  Rend.,  115,  311.    1892. 
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based  upon  the  density  of  the  mixed  gases  obtained  by  the  electrolysis 
of  water,  gave  2.0037 ;  but  Morley  shows  that  some  corrections  were 
neglected.    This  determination,  therefore,  may  be  left  out  of  account. 
Now,  including  all  data,  we  have  a  mean  value  for  the  density  ratio : 

(A.)  H  :  O  :  :  I  :  15.8948,  ±  .00048; 

or,  omitting  Morley's  rejected  series, 

(B.)  H  :  O :  :  I  :  15.8991,  dz  .00048. 

Correcting  these  by  the  volume  ratio,  2.0028,  ±  .00004,  the  final  result 
for  the  atomic  weight  of  oxygen  as  determined  by  gaseous  densities 
becomes  : 

From  A , 0=  15.8726,  db  .00058 

From  B O  =  15.8769,  ±  .00058 

Combining  these  with  the  result  obtained  from  the  syntheses  of  water, 
rejecting  nothing,  we  have — 

By  synthesis  of  water O  =  15.8837,  =b  .00026 

By  gaseous  densities O  r=  15.8726,  ±  .00058 

General  mean O  =  15.8821,  dt  .00024  ^ 

If  we  reject  Reiser's  work  under  the  first  heading,  and  omit  Morley's 
defective  hydrogen  series  under  the  second,  we  get — 

By  synthesis  of  water O  =  15.8796,  i  .00027 

By  gaseous  densities O  =  15.8769,  ±  .00D58 

General  mean O  =  15.8794,  ±  .00025 

Morley,  discussing  his  own  data,  gets  a  final  value  of  O  =  15.8790,  ± 
,00026,  a  result  sensibly  identical  with  the  second  of  the  means  given 
above.  These  results  cannot  be  far  from  the  truth ;  and  accordingly, 
rounding  off  the  last  decimals,  the  value 

0  =  15.879,^.0003, 
will  be  used  in  computation  throughout  this  work. 

Note. — A  useful  "  short  bibliography  "  upon  the  composition  of  water, 
by  T.  C.  Warrington,  may  be  found  in  the  Chemical  News,  vol.  73,  pp. 
.137,  145,  156, 170,  and  184. 
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SILVER,   POTASSIUM,   SODIUM,   CHLORINE,   BROMINE,   AND 

IODINE. 

The  atomic  weights  of  these  six  elements  depend  upon  each  other  to 
so  great  an  extent  that  they  can  hardly  be  considered  independent!}'. 
Indeed,  chlorine,  potassium,  and  silver  have  always  been  mutually  de- 
termined. From  the  ratio  between  silver  and  chlorine,  the  ratio  between 
silver  and  potassium  chloride,  and  the  composition  of  potassium  chlo- 
rate, these  three  atomic  weights  were  first  accurately  fixed.  Similar 
ratios,  more  recently  worked  out  by  Stas  and  others,  have  rendered  it 
desirable  to  include  bromine,  iodine,  and  sodium  in  the  same  general 
discussion. 

Several  methods  of  determination  will  be  left  altogether  out  of  account. 
For  6^ample,  in  1842  Maugnac*  sought  to  fix  the  atomic  weight  of 
chlorine  by  estimating  the  quantity  of  water  formed  when  hydrochloric 
acid  gas  is  passed  over  heated  oxide  of  copper.  His  results  were  wholly 
inaccurate,  and  need  no  further  mention  here.  A  little  later  Laurent  f 
redetermined  the  same  constant  from  the  analysis  of  a  chlorinated  de- 
rivative of  naphthalene.  This  method  did  not  admit  of  extreme  accu- 
racy, and  it  presupposed  a  knowledge  of  the  atomic  weight  of  carbon  ; 
hence  it  may  be  properly  disregarded.  Maumene'sJ  analyses  of  the 
oxalate  and  acetate  of  silver  gave  good  results  for  the  atomic  weight  of 
that  metal ;  but  they  also  depend  for  their  value  upon  our  knowledge  of 
carbon,  and  will,  therefore,  be  discussed  farther  on  with  reference  to  that 
element.  Hardin's  §  work  also,  relating  to  the  nitrate,  acetate,  and 
benzoate  of  silver,  will  be  found  in  the  chapters  upon  nitrogen  and 
carbon. 

Let  us  now  consider  the  ratios  upon  which  we  must  rely  for  ascertain- 
ing the  atomic  weights  of  the  six  elements  in  question.  After  we  have 
properly  arranged  our  data  we  may  then  discuss  their  meaning.  First 
in  order  we  may  conveniently  take  up  the  percentage  of  potassium  chlo- 
ride obtainable  from  the  chlorate. 

The  first  reliable  series  of  experiments  to  determine  this  percentage 
was  made  by  Berzelius.  ||  All  the  earlier  estimations  were  vitiated  by 
the  fact  that  when  potassium  chlorate  is  ignited  under  ordinary  circum- 
stances a  little  solid  material  is  mechanically  carried  away  with  the 
oxygen  gas.  Minute  portions  of  the  substance  may  even  be  actually 
volatilized.  These  sources  of  loss  were  avoided  by  Berzelius,  who  de- 
vised means  for  collecting  and  weighing  this  trace  of  potassium  chloride. 

♦Compt.  Rend.,  14,  570.    Also,  Journ.  f.  Prakt.  Chem.,  a6,  304. 
tCorapt.  Rend.,  14,  456.    Journ.  f.  Prakt.  Chem.,  26,  307. 
{Ann.  d.  Chim.  et  d.  Phys.  (3),  r8.  41.    1846. 
S  Journ.  Amer.  Chem.  Soc.  18,  990.    1896. 
I  Poggend.  Annalen,  8,  i.    1826. 
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All  the  successors  of  Berzelius  in  this  work  have  benefited  by  his  exam- 
ple, although  for  the  methods  by  which  loss  has  been  prevented  we  must 
refer  to  the  original  papers  of  the  several  investigators.  In  short,  then, 
Berzelius  ignited  potassium  chlorate,  and  determined  the  percentage  of 
chloride  which  remained.     Four  experiments  gave  the  following  results  '• 

60.854 
60.S50 
60.850 
60.851 

Mean,  60.851,  d:  .0006 

The  next  series  was  made  by  Penny,*  in  England,  who  worked  after 
a  somewhat  different  method.  He  treated  potassium  chlorate  with 
strong  hydrochloric  acid  in  a  weighed  flask,  evaporated  to  dryness  over 
a  sand  bath,  and  then  found  the  weight  of  the  chloride  thus  obtained. 
His  results  are  as  follows,  in  six  trials : 

60.825 
60.822 
60.815 
60.82Q 
60.823 
60.830. 

Mean,  60.8225,  di  .0014 

In  1842  Pelouzef  made  three  estimations  by  the  ignition  of  the  chlo- 
rate, with  these  results : 

60.843 
60.857 
60.830 

Mean,  60.843,  ±  .0053 

*■  Marignac,  in  1842,J  worked  with  several  different  recrystallizations  of 
the  commercial  chlorate.  He  ignited  the  salt,  with  the  usual  precau- 
tions for  collecting  the  material  carried  off  mechanically,  and  also  exam- 
ined the  gas  which  was  evolved.  He  found  that  the  oxygen  from  50 
grammes  of  chlorate  contained  chlorine  enough  to  form  .003  gramme  of 
silver  chloride.    Here  are  the  percentages  found  by  Marignac : 

In  chlorate  once  crystallized 60.845 

In  chlorate  once  crystallized 60.835 

In  chlorate  twice  crystallized 60.833 

In  chlorate  twice  crystallized , 60.844 

In  chlorate  three  times  crystallized 60.839 

In  chlorate  four  times  crystallized 60.839 


Mean,  60.8392,  ±  .0013 


•  Phil.  Transactions,  1839,  p.  20. 

fCompt.  Rend.,  15,959. 

X  Ann.  d.  Chem.  u.  Pharm.,  44,  18. 
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In  the  same  paper  Marignac  describes  a  similar  series  of  experiments 
made  upon  potassium  perchlorate,  KCIO^.  In  three  experiments  it  was 
found  that  the  salt  was  not  quite  free  from  chlorate,  and  in  three  more 
it  contained  traces  of  iron.  A  single  determination  upon  very  pure 
material  gave  46.187  per  cent,  of  oxygen  and  53.813  of  residue. 

In  1845  two  series  of  experiments  were  published  by  Gerhardt.  *  The 
first,  made  in  the  usual  way,  gave  these  results : 

60.871 
60.881 
60.875 


Mean,  60.8757,  ±  .0020 

In  the  second  series  the  oxygen  was  passed  through  a  weighed  tube 
containing  moist  cotton,  and  another  filled  with  pumice  stone  and  sul- 
phuric acid.  Particles  were  thus  collected  which  in  the  earlier  Series 
escaped.     From  these  experiments  we  get — 

60.947 

60.947 
60.952 


Mean,  60.9487,  :b  .001 1 

These  last  results  were  afterwards  sharply  criticised  by  Marignac,t 
and  their  value  seriously  questioned. 

The  next  series,  in  order  of  time,  is  due  to  Maumen6.|  This  chemist 
supposed  that  particles  of  chlorate,  mechanically  carried  away,  might 
continue  to  exist  as  chlorate,  undecomposed ;  and  hence  that  all  previous 
series  of  experiments  might  give  too  high  a  value  to  the  residual  chloride. 
In  his  determinations,  therefore,  the  ignition  tube,  after  expulsion  of  the 
oxygen,  was  uniformly  heated  in  all  its  parts.  Here  are  his  percentages 
of  residue : 

60.788 
60.790 

60.793 
60.791 
60.785 
60.795 
60.795 

Mean,  60.791,  dr  .0009 

The  question  which  most  naturally  arises  in  connection  with  these  re- 
sults is,  whether  portions  of  chloride  may  not  have  been  volatilized,  and 
so  lost. 

•Compt.  I^end.,  21,  1280. 

i  Supp.  Bibl.  Univ.  dc  Geneve,  Vol.  I. 

X  Ann.  d.  Chim.  et  d.  Phys.  (3),  18,  71.    1846. 
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Closely  following  Maumen^'s  paper,  there  is  a  short  note  by  Faget,* 
giving  certain  mean  results.  According  to  this  chemist,  when  potassium 
chlorate  is  ignited  slowly,  we  get  60.847  per  cent,  of  residue.  When  the 
ignition  is  rapid,  we  get  60.942.  As  no  detailed  experiments  are  given, 
these  figures  can  have  no  part  in  our  discussion. 

Last  of  all  we  have  two  series  determined  by  Stas.f  In  the  first  series 
are  the  results  obtained  by  igniting  the  chlorate.  In  the  second  series 
the  chlorate  was  reduced  by  strong  hydrochloric  acid,  after  the  method 
followed  by  Penny : 

First  Series. 
60.8380 
60.8395 
60.8440 
60.8473 
60.8450 

Mean,  60.84276,  ±  .0012 
Second  Series, 

60.853 
60.844 

Mean,  60.849,  ^  .0017 

In  these  experiments  every  conceivable  precaution  was  taken  to  avoid 
error  and  insure  accuracy.  All  weighings  were  reduced  to  a  vacuum 
standard ;  from  70  to  142  grammes  of  chlorate  were  used  in  each  experi- 
ment; and  the  chlorine  carried  away  with  the  oxygen  in  the  first  series 
was  absorbed  by  finely  divided  silver  and  estimated.  It  is  difficult  to 
see  how  any  error  could  have  occurred. 

Now,  to  combine  these  difi'erent  series  of  experiments. 

Berzelius,  mean  result 60.85 1 ,    ±  .0006 

Penny,  "  60.8225,  it  .0014 

Pelouze,  **  60.843,    i=.oo53 

Marignac,  **  60.8392,  dz  .0013 

Gerhardt,  ist  **  60.8757,  ±  .0020 

"  2d  **  60  9487,  db  .001 1 

Maumen^,  "  60791,    ±.0009 

.Sus,  1st  •*  60.8428,  ±i  .001 2 

"     2d  **  60.849,    ±.0017 

General  mean  from  all  nine  series, 
representing  forty  experiments 60.846,    +  .00038 

This  value  is  exactly  that  which  Stas  deduced  from  both  of  his  own 
series  combined,  and  jrives  great  emphasis  to  his  wonderfully  accurate 

*  Ann.  d.  Chim.  ct  d.  Phys.  (3).  18,  80.    1846. 
t  See  Arotistein'ft  translation,  p.  34Q- 
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work.     It  also  finely  illustrates  the  compensation  of  errors  which  occurs 
in  combining  the  figures  of  diflferent  expenmenters. 

Similar  analyses  of  silver  chlorate  have  been  made  by  Marignac  and 
by  Stas.  Marignac's  data  are  as  follows:*  The  third  column  gives  the 
percentage  of  0  in  AgClO,: 

24.510  grm.  AgClOj  gave  18.3616  AgCl.  25  103 


25.809 

193345  ' 

25.086 

30.306 

22.7072  • 

25.074 

28.358 

21.2453  * 

25.082 

28:287 

21.1833  ' 

25.  "3 

57.170 

42.8366  « 

25.072 

Mean,  25.088,  ±  .0044 

Stas  t  found  the  following  percentages  in  two  experiments  only : 

25.081 
25.078 


Mean,  25.0795,  ±  .0010 

Combined  with  Marignac's  mean  this  gives  a  general  mean  of  25,080, 
di  .0010 ;  that  is,  Marignac's  series  practically  vanishes. 

For  the  direct  ratio  between  silver  and  chlorine  there  are  seven  avail- 
able series  of  experiments.  Here,  as  in  many  other  ratios,  the  first  reliable 
work  was  done  by  Berzelius.  J 

He  made  three  estimations,  using  each  time  twenty  grammes  of  pure 
silver.  This  was  dissolved  in  nitric  acid.  In  the  first  experiment  the 
silver  chloride  was  precipitated  and  collected  on  a  filter.  In  the  second 
and  third  experiments  the  solution  was  mixed  with  hydrochloric  acid 
in  a  flask,  evaporated  to  dryness,  and  the  residue  then  fused  and  weighed 
without  transfer.    One  hundred  parts  of  silver  formed  of  chloride  : 

132.700 
132.780 
132.790 


Mean,  132.757,  ±  .019 

Turner's  work  §  closely  resembles  that  of  Berzelius.  Silver  was  dis- 
solved in  nitric  acid  and  precipitated  as  chloride.  In  experiments  one, 
two,  and  three  the  mixture  was  evaporated  and  the  residue  fused.  In 
experiment  four  the  chloride  was  collected  on  a  filter.  A  fifth  experi- 
ment was  made,  but  has  been  rejected  as  worthless. 

The  results  were  as  follows :  In  a  third  column  I  put  the  quantity  of 
AgCl  proportional  to  100  parts  of  Ag. 

*  Bibl.  Univ.  de  Gcn6ve,  46,  356.    1843. 
fAronstein's  translation,  p.  214. 
X  Thomson's  Annals  of  Philosophy,  1820,  v.  15,  89. 
gPhil.  Transactions,  1829,  291. 
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28.407  grains  Ag  gave  37.737  AgCI. 

132.844 

41.917              "             55.678     " 

132.829 

40.006              *'             53.143     " 

132.837 

30.922              "             41.070     " 

132.818 

Mean,  132.832,  dr  .0038 

The  same  general  method  of  dissolving  silver  in  nitric  acid,  precipi- 
tating, evaporating,  and  fusing  without  transfer  of  material  was  also 
adopted  by  Penny.  *    His  results  for  100  parts  of  silver  are  as  follows,  in 

parts  of  chloride : 

132.836 
132.840 
132.830 
132.840 
132.840 
132.830 
132.838 

Mean,  132.8363,  ±  .0012 

In  1842  Marignacf  found  that  100  parts  of  silver  formed  132.74  of 
chloride,  but  gave  no  available  details.  Later,  J  in  another  series  of  de- 
terminations, he  is  more  explicit,  and  gives  the  following  data.  The 
weighings  were  reduced  to  a  vacuum  standard : 


79.853  grm.  Ag  gave  106.080  AgCl. 

Ratio,  132.844 

69.905            "               92.864     " 

132.843 

64.905            •*               86.210     " 

132.825 

92.362            "             122.693     ** 

132.839 

99.653            "             132.383     '* 

132.844 

Mean,  132.839,  ±  .0024 

The  above  series  all  represent  the  synthesis  of  silver  chloride.  Mau- 
men6  §  made  analyses  of  the  compound,  reducing  it  to  metal  in  a  current 
of  hydrogen.  His  experiments  make  lOO  parts  of  silver  equivalent  to 
chloride : 

132.734 

132.754 

132.724 

132.729 

132.741 

Mean,  132.7364,  ±  -0077 

By  Dumas  ||  we  have  the  following  estimations : 

9-954  Ag  gave  13.227  AgCl.         Ratio,  132.882 
19.976        "        26.542     **  132.869 

Mean,  132.8755,  =b  .0044 

*Phil.  Transactions,  1839,  28.  * 

fAnn.  Chetn.  Phartn.,  44,  21. 

JSec  Berzelius*  Lchrbuch,  5th  Ed.,  Vol.  3,  pp.  1192,  1193. 

t  Ann.  d.  Chim.  et  d.  Phys.  (3),  18,  49.    1846. 

I  Ann.  Chem.  Pharm.,  113,  21.    z86o. 
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Finally,  there  are  seven  determinations  by  Stas,*  made  with  his  usual 
accuracy  and  with  every  precaution  against  error.  In  the  first,  second, 
and  third,  silver  was  heated  in  chlorine  gas,  and  the  synthesis  of  silver 
chloride  thus  effected  directly.  In  the  fourth  and  fifth  silver  was  dis- 
solved in  nitric  acid,  and  the  chloride  thrown  down  by  passing  hydro- 
chloric acid  gas  over  the  surface  of  the  solution.  The  whole  was  then 
evaporated  in  the  same  vessel,  and  the  chloride  fused,  first  in  an  atmos- 
phere of  hydrochloric  acid,  and  then  in  a  stream  of  air.  The  sixth  syn- 
thesis was  similar  to  these,  only  the  nitric  solution  was  precipitated  by 
hydrochloric  acid  in  slight  excess,  and  the  chloride  thrown  down  was 
washed  by  repeated  decantation.  All  the  decanted  liquids  were  after- 
wards evaporated  to  dryness,  and  the  trace  of  chloride  thus  recovered 
was  estimated  in  addition  to  the  main  mass.  The  latter  was  fused  in  an 
atmosphere  of  HCl.  The  seventh  experiment  was  like  the  sixth,  only 
ammonium  chloride  was  used  instead  of  hydrochloric  acid.  From  98.3 
to  399.7  grammes  of  silver  were  used  in  each  experiment,  the  operations 
were  performed  chiefly  in  the  dark,  and  all  weighings  were  reduced  to 
vacuum.  In  every  case  the  chloride  obtained  was  beautifully  white. 
The  following  are  the  results  in  chloride  for  100  of  silver : 

132.841 
132.843 
132-843 
132.849 
132.846 
132.848 
122.8417 

Mean,  132.8445,  ±  .0008 

We  may  now  combine  the  means  of  these  seven  series,  representing  in 
all  thirty-three  experiments,  (dne  hundred  parts  of  silver  are  equivalent 
to  chlorine,  as  follows : 

Berzelius 32-757,    d=  .0190 

Turner 32.832,    db  .0038 

Penny 32.8363,  ±  .0012 

Marignac 32.839,    d=  .0024 

Maumeni 32.7364,  rh  .0077 

Dumas 32.8755,  ±  ,0044 

Stas 32.8445,  rb  .0008 

General  mean 32.84 1 8,  db  .0006 

Here,  again,  we  have  a  fine  example  of  the  evident  compensation  of 
errors  among  different  series  of  experiments.  We  have  also  another 
tribute  to  the  accuracy  of  Stas,  since  this  general  mean  varies  from  the 
mean  of  his  results  only  within  the  limits  of  his  own  variations. 

*Aronstein*s  translation,  p.  171. 
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The  ratio  between  silver  and  potassium  chloride,  or,  in  other  words, 
the  weight  of  silver  in  nitric  acid  solution  which  can  be  precipitated  by 
a  known  weight  of  KCl,  has  been  fixed  by  Marignac  and  by  Stas.  Ma- 
rignac,*  reducing  all  weighings  to  vacuum,  obtained  these  results.  In 
the  third  column  I  give  the  weight  of  KCl  i)roj)ortional  to  100  parts 
of  Ag: 


4.7238 

grm.  Ag  _ 

=  3.2626  KCl. 

69.067 

22.725 

15.001 

69.050 

21.759 

15.028 

69.066 

21.909 

'5.131 

69.063 

22.032 

15.2^6 

69.063 

25.122 

17.350 

69.063 

Mean,  69.062,  ±0017 

The  work  of  Stas  falls  into  several  series,  widely  separated  in  point  of 
time.  His  earlier  experiments  f  upon  this  ratio  may  be  divided  into 
two  sets,  as  follows:  In  the  first  set  the  silver  was  slightly  impure,  but 
the  impurity  was  of  known  quantity,  and  corrections  could  therefore  be 
applied.  In  the  second  series  pure  silver  was  employed.  The  potassium 
chloride  was  from  several  different  sources,  and  in  every  case  was  puri- 
fied with  the  utmost  care.  From  10.8  to  32.4  grammes  of  silver  were 
taken  in  each  experiment,  and  the  weighings  were  reduced  to  vacuum. 
The  method  of  operation  was,  in  brief,  as  follows :  A  definite  weight  of 
potassium  chloride  was  taken,  and  the  exact  quantity  of  silver  necessary, 
according  to  Front's  hypothesis,  to  balance  it  was  also  weighed  out.  The 
metal,  with  suitable  precautions,  was  dissolved  in  nitric  acid,  and  the 
solution  mixed  with  that  of  the  chloride.  After  double  decomposition 
the  trifling  excess  of  silver  remaining  in  the  liquid  was  determined  by 
titration  with  a  normal  solution  of  potassium  chloride.  One  hundred 
parts  of  silver  required  the  following  of  KCl : 

First  Series. 
69.105 
69.104 
69.103 
69.104 
69!  102 

Mean,  69.1036,  db  .0003 

Second  Series. 
69.105 
69.099 
69.107 
69. 103 
69.103 
69.105 
69.104 

•  See  Berzeliufl*  Lehrbuch.  5th  Ed..  Vol.  3,  pp.  119/-3. 
t  Aronstein'8  translation,  pp.  250-257. 
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69.099 
69.1034 
69.104 
69.103 

69. 102 
69.104 
69.104 
69.105 

69. 103 
69.101 
69.105 
69.no3 


Mean,  69.1033,  db  .0003 

In  these  determinations  Stas  did  not  take  into  account  the  slight  solu- 
bility of  precipitated  silver  chloride  in  the  menstrua  employed  in  the 
experiments.  Accordingly,  in  1882*  he  published  a  new  series,  in  which 
by  two  methods  he  remeasured  the  ratio,  guarding  against  the  indicated 
error,  and  finding  the  following  values : 

69.1198 
69.11965 
69.121 
69.123 

Mean,  69.1209,  db  .0003 

Corrected  for  a  minute  trace  of  silica  contained  in  the  potassium 
chloride,  this  mean  becomes 

69.11903,  db. 0003. t 

Still  later,  in  order  to  establish  the  absolute  constancy  of  the  ratio  in 
question,  Stas  made  yet  another  series  of  determinations,!  in  which  he 
employed  potassium  chloride  prepared  from  four  different  sources. 
One  lot  of  silver  was  used  throughout.    The  values  obtained  were  as 

follows : 

69.1227 
69.1236 
69.1234 
69.1244 
69.1235 
69.1228 
69.1222 
69.i2ri 
69.1219 
69. 1 249 
69.1238 
69.1225 
69.1211 

*  M^nioires  Acad.  Roy.  de  Beige,  t.  43.    1882. 
tSee  Van  der  Plaats,  Ann.  Chim.  Phys  (6),  7,  15. 
X  Ocuvres  Posthumes,  edited  by  W.  Spring. 
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A  series  was  also  begun  in  which  one  sample  of  potassium  chloride 
was  to  be  balanced  against  silver  from  various  sources,  but  only  one 
result  is  given,  namely,  69.1240.  This,  with  the  previous  series,  gives  a 
mean  of  69.1230,  ±  .0002. 

Five  series  of  determinations  are  now  at  hand  for  the  ratio  Ag  :  KCl. 
They  combine  as  follows  : 

Marignac 69.062,    dz  .0017 

Stas,  ist  series 69. 1036,  rb  .0003 

**     2d      "      69. 1033,  db  .0003 

**     3d      **      69.1190,^.0003 

"     4th     **      69. 1 230,  ifc  .0002 

General  mean 69. 1 143,  db  .00013 

The  difference  between  the  highest  and  the  lowest  of  Stas'  series  cor- 
responds to  a  difference  of  0.021  in  the  atomic  weight  of  potassium.  The 
rejection  of  the  earlier  work  might  be  quite  justifiable,  but  would  exert 
a  very  slight  influence  upon  our  final  result. 

The  quantity  of  silver  chloride  which  can  be  formed  from  a  known 
weight  of  potassium  chloride  has  also  been  determined  by  Berzelius, 
Marignac  and  Maumen6.  Berzelius  *  found  that  100  parts  of  KCl  were 
equivalent  to  194.2  of  AgCl ;  a  value  which,  corrected  for  weighings  in 
air,  becomes  192.32.  This  experiment  will  not  be  included  in  our  dis- 
cussion. 

In  1842  Marignac  t  published  two  determinations,  with  these  results 
from  100  KCl: 

192.33 
192.34 

Mean,  corrected  for  weighing  in  air,  192.26,  ±  .003 

In  1846  Marignac  I  published  another  set  of  results,  as  follows.  The 
weighings  were  reduced  to  vacuum.  The  usual  ratio  is  in  the  third 
column : 


17.034 

KCl  gave  32.761  i 

\ga. 

192.327 

14.427 

27.749 

<< 

192.34' 

15.028 

28.910 

tt 

192.374 

'5.13' 

**      29.102 

(1 

'92.334 

15.216 

**   '   29.271 

l( 

192.370 

Mean,  192.349,  ih  .006 

Three  estimations  of  the  same  ratio  were  also  made  by  Maumene§  as 
follows : 

*  Poggend.  Annal.,  8,  i.    i8a6. 

t  Ann.  Chem.  Pharm.,  44,  21,     184a. 

J  Berzelius'  I^hrbuch,  5th  Ed.,  Vol.  3,  pp.  119a,  1193. 

§  A:jn.  d,  Chim.  et  d.  Phys.  (3),  18,  41.    1846. 
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10.700  grm.  KCl  gave  20.627  AgCl.  192,776 

10.5195  **  20.273     "  192.716 

8.587  '*  16.556     "  192.803 

Mean,  192.765,  dr  .017 

Tiie  three  series  of  ten  experiments  in  all  foot  up  thus : 

Marignac,  1842 192.260,  ±  .003 

"         1846 192.349,  ±  .006 

Maumcni 192765,^.017 

General  mean 192.294,  ±  .0029 

These  figures  show  clearly  that  the  ratio  which  they  represent  is  not 
of  very  high  importance.  It  might  be  rejected  altogether  without  im- 
propriety, and  is  only  retained  for  the  sake  of  completeness.  It  will 
obviously  receive  but  little  weight  in  our  final  discussion. 


In  estimating  the  atomic  weight  of  bromine  the  earlier  experiments  of 
Balard,  Berzelius,  Liebig,  and  Lowig  may  all  be  rejected.  Their  results 
were  all  far  too  low,  probably  because  chlorine  was  present  as  an  im- 
purity in  the  materials  employed.  Wallace's  determinations,  based  upon 
the  analysis  of  arsenic  tribromide,  are  tolerably  good,  but  need  not  be 
considered  here.  In  the  present  state  of  our  knowledge,  Wallace's 
analyses  are  better  fitted  for  fixing  the  atomic  weight  of  arsenic,  and 
will,  therefore,  be  discussed  with  reference  to  that  element. 

The  ratios  with  which  we  now  have  to  deal  are  closely  similar  to  those 
involving  chlorine.  In  the  first  place,  there  are  the  analyses  of  silver 
bromate  by  Stas.'*^  In  two  careful  experiments  he  found  in  this  salt  the 
following  percentages  of  oxygen : 

20.351 
20.347 


Mean,  20.349,  4=  .0014 

There  are  also  four  analyses  of  potassium  bromate  by  Marignacf  The 
salt  was  heated,  and  the  percentage  loss  of  oxygen  determined.  The 
residual  bromide  was  feebly  alkaline.  We  cannot  place  much  reliance 
upon  this  series.    The  results  are  as  follows : 

28  7016 
28.6496 
28.6050 
28.7460 

Mean,  2S.6755,  ±  .0207 


*  Aronstein's  translation,  pp.  300-306. 

fSee  B.  Mulder's  Overzigt,  p.  1x7 ;  or  Berzelius*  Jahresbericht,  34,  73. 
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When  silver  bromide  is  heated  in  chlorine  gas,  silver  chloride  is  formed. 
In  1860  Dumas*  employed  this  method  for  estimating  the  atomic  weight 
of  bromine.  His  results  are  as  follows.  In  the  third  column  I  give  the 
weight  of  AgBr  equivalent  to  100  parts  of  AgCl : 


2.028  grm.  AgBr  gave  1.547  AgCl. 

131.092 

4.237              **              3.235     " 

130974 

5.769              "              4.403     " 

131.024 

Mcin,  131.030,  ±.023 

This  series  is  evidently  of  but  little  value. 

The  two  ratios  upon  which,  in  connection  with  Stas'  analyses  of 
silver  bromate,  the  atomic  weight  of  bromine  chiefly  depends,  are  those 
which  connect  silver  with  the  latter  element  directly  and  silver  with 
potassium  bromide. 

Marignac,t  to  effect  the  synthesis  of  silver  bromide,  dissolved  the 
metal  in  nitric  acid,  precipitated  the  solution  with  potassium  bromide, 
washed,  dried,  fused,  and  weighed  the  product.  The  following  quanti- 
ties of  bromine  were  found  proportional  to  100  parts  of  silver : 

74.072 

74.055 
74.066 


Mean,  redaced  to  a  vacuum  standard,  74.077,  4=  .003 

Much  more  elaborate  determinations  of  this  ratio  are  due  to  Stas.J 
In  one  experiment  a  known  weight  of  silver  was  converted  into  nitrate, 
and  precipitated  in  the  same  vessel  by  pure  hydrobromic  acid.  The 
resulting  bromide  was  washed  thoroughly,  dried,  and  weighed.  In  four 
other  estimations  the  silver  was  converted  into  sulphate.  Then  a  known 
quantity  of  pure  bromine,  as  nearly  as  possible  the  exact  amount  neces- 
sary to  precipitate  the  silver,  was  transformed  into  hydrobromic  acid. 
This  was  added  to  the  dilute  solution  of  the  sulphate,  and,  after  precip- 
itation was  complete,  the  minute  trace  of  an  excess  of  silver  in  the  clear 
supernatant  fluid  was  determined.  All  weighings  were  reduced  to  a 
vacuum.  From  these  experiments,  taking  both  series  as  one,  we  get 
the  following  quantities  of  bromine  corresponding  to  100  parts  of  silver : 

74.0830 


74.0790 
74.0795 
74.0805 
74.0830 


Mean,  74.081,    dr  .0006 


•Ann.  Chem.  Pharm.,  113,  ao. 

t  E.  Mulder's  Over«igt,  p.  116.    Berzelius'  Jahresbericht,  24,  72. 

X  Aronstein's  translation,  pp.  154-170. 


w^ 


46  THE  ATOMIC  WEIGHTS. 

In  his  }»aper  on  the  atomic  weight  of  cadmium,*  Huntington  gives 
three  syntheses  and  three  analyses  of  silver  bromide.  The  data  are  as 
follows,  with  the  usual  ratio  given  in  the  last  column : 

1.4852  grm.  Ag  gave      2.5855  AgBr.  74.084 

1.4080  "  2.4510     *•  74.077 

1.4449  "  2.5150     "  74.060 

4.1450  grm.  AgBr  gave  2.3817  Ag.  74.035 

1. 8172  '*  1.0437     **  74.  in 

4.9601  **  2.8497     •*  74.057 


Mean,  74.071,  =fc  .0072 

Similar  synthetic  data  are  also  given  by  Richards,  incidentally  to  his 
work  on  copper.f  There  are  two  sets  of  three  experiments  ^ach,  which 
can  here  be  treated  as  one  series,  thus : 


I. T 1235  grm. 

Ag 

gave 

1.93^30  i 

\gBr. 

74.073 

1.57620 

2.74335 

74.044 

2. 16670 

3.77170 

74.076 

.9664 

1.68205 

74.053 

.9645 

1.6789 

74.069 

.9639 

1.6779 

74.074 

Mean,  74065,  ±  .0035 

Another  set  of  data  by  Richards  appears  in  his  research  upon  the 
atomic  weight  of  barium ;  J  in  which  BaBr,  was  balanced  against  silver, 
and  the  AgBr  was  also  weighed.  Richards  gives  from  these  data  the 
percentage  of  Ag  in  AgBr,  which  figures  are  easily  restated  in  the  usual 
form  as  follows: 

Percentage.  Ratio, 

57.460  74.034 

57.455  74.049 

57.447  74073 
57.445  74.074 

57.448  74.070  ' 

57.442  74.089 
57.451  74061 
57.455  74.049 

57.443  74086 
57.445  74.074 
57.445  74.074 


Mean,  74.067,  ±.  .0034 

The  same  ratio  can  also  be  computed  indirectly  from  Cooke's  experi- 
ments upon  SbBr,,  Huntington's  on  CdBr,,  Thorpe's   on   TiBr^,  and 

•  Proc.  Amer.  Acad.,  1881. 

fProc.  Amer.  Acad.,  35.  pp.  199,  210,  an.    1890. 

X  Proc.  Amer.  Acad.,  vol.  38.    1S93. 
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Thorpe  and  Laurie's  on  gold.  The  values  so  obtained  all  confirm  the 
results  already  given,  varying  within  their  limits,  but  having  probable 
errors  so  high  that  their  use  would  not  affect  the  final  mean.  The  latter 
is  obtained  as  follows : 

Marignac 74077,  ±  .0030 

Stas. 74.081,  rh  .0006 

Huntington 74.07 1 ,  ±  .0072 

Richards,  1st  series 74.065,  db  .0035 

"         2d     ** 74.067,  zb  .0034 


General  mean 74. 080,  db  .00057 

In  this  case  again,  as  in  so  many  others,  Stas'  work  alone  appears  at 
the  end,  the  remaining  data  having  only  corroborative  value. 

The  ratio  between  silver  and  potassium  bromide  was  first  accurately 
determined  by  Marignac*  I  give,  with  his  weighings,  the  quantity  of 
KBr  proportional  to  100  parts  of  Ag : 

2.131  grm.  Ag=   2.351  KBr.  ITO.324 


2.559 

2.823     •• 

1 10.316 

2.447 

2.700    ** 

no.  339 

3.025 

3336    *• 

110.283 

3946 

4-353     " 

110.314 

11.569 

12.763     " 

1 10.321 

20.120 

"        22.191    " 
Mean,  corrected  for  we 

110.293 

ighing  in  air,  110.343,  db  .005 

Stas,t  working  in  essenl 

bially  the  same 

manner  as  when  he  fixed  the 

ratio  between  potassium 

chloride  and 

silver,  obtained  the  following 

results : 

1 10.361 
110.360 
110.360 
110.342 
110.346 
110.338 
110.360 
110.336 
110.344 
110.332 
no.  343 
110.357 
"0.334 
"0.335 

Mean,  110.3463, 

±  .0020 

Combining  this  with  Marignac 's  mean  result,  110.343,  ±  .005,  we  get 
a  general  mean  of  110.34-59,  ±  .0019. 


*  Berzelius'  Jahresbericht,  24,  72. 

t  Aronstein'B  translation,  pp.  534-347- 
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The  ratios  upon  which  we  must  depend  for  the  atomic  weight  of 
iodine  are  exactly  parallel  to  those  used  for  the  determination  of  bromine. 

To  begin  with,  the  percentage  of  oxygen  in  potassium  iodate  has  been 
determined  by  Millon  *    In  three  experiments  he  found : 

22.46 
22.49 
22.47 


Mean,  22.473,  ±  .o^S 

Millon  also  estimated  the  oxygen  in  silver  iodate,  getting  the  follow 
ing  percentages : 

17.05 
J  7.03 
17.06 

Mean,  17047,  ±.005 

The  analysis  of  silver  iodate  has  also  been  performed  with  extreme 
care. by  Stas.t  From  76  to  157  grammes  were  used  in  each  experiment, 
the  weights  being  reduced  to  a  vacuum  standard.  As  the  salt  could  not 
be  prepared  in  an  absolutely  anhydrous  condition,  the  water  expelled  in 
each  analysis  was  accurately  estimated  and  the  necessary  corrections  ap- 
.plied.  In  two  of  the  experiments  the  iodate  was  decomposed  by  heat, 
and  the  oxygen  given  off  was  fixed  upon  a  weighed  quantity  of  copper 
heated  to  redness.  Thus  the  actual  weights,  both  of  the  oxygen  and  the 
residual  iodide,  were  obtained.  In  a  third  experiment  the  iodate  was 
reduced  to  iodide  by  a  solution  of  sulphurous  acid,  and  the  oxygen  was 
estimated  only  by  difference.  In  the  three  percentages  of  oxygen  given 
below,  the  result  of  this  analysis  comes  last.  The  figures  for  oxygen  are 
as  follows : 

16.976 

16,972 

16.9761 


Mean,  16.9747,  db  .0009 

This,  combined  with  Millon 's  series  above  cited,  gives  us  a  general 
mean  of  16.9771,  ±.0009. 

The  ratio  between  silver  and  potassium  iodide  seems  to  have  been  de- 
termined only  by  Marignac,J  and  without  remarkable  accuracy.  In  five 
experiments  100  parts  of  silver  were  found  equivalent  to  potassium  iodide 
as  follows : 

•Ann.  Chira.  Phys.  (3),  9,  400.    1843. 
t  Aronstein's  translation,  pp.  170-200. 
I  Berzelius*  Lehrbuch,  5th  cd.,  3,  1196. 
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1.616  grm.  Ag  _ 

=  2.483  KI. 

Ratio,  153.651 

2.503 

3.846     *• 

"      153.665 

3.427 

5.268     '* 

"      153.720 

2.141 

3.290     " 

"      153.667 

0.821          ** 

16.642     " 

"      153-794 
Mean,  153.6994,  ±  .0178 

The  synthesis  of  silver  iodide  has  been  effected  by  both  Marignac  and 
Stas.  Marignac,  in  the  paper  above  cited,  gives  these  weighings.  In  the 
last  column  I  add  the  ratio  between  iodine  and  100  parts  of  silver: 

15.000  grm.  Ag  gave  31.625  Agl.  117.500 

14.790  "  32.170     •*  1 17.512 

18.545  **  40.339     "  I17.519 

Mean,  corrected  for  weighing  in  air,  117.5335,  ±  .0036 

Stas  *  in  his  experiments  worked  after  two  methods,  which  gave,  how- 
ever, results  concordant  with  each  other  and  with  those  of  Marignac. 

In  the  first  series  of  experiments  Stas  converted  a  known  weight  of 
silver  into  nitrate,  and  then  precipitated  with  pure  hydriodicacid.  The 
iodide  thus  thrown  down  was  washed,  dried,  and  weighed  without  trans- 
fer.   By  this  method  100  parts  of  silver  were  found  to  require  of  iodine : 

"7.529 
117.536 

Mean,  117.5325,  ±  0024 

In  the  second  series  a  complete  synthesis  of  silver  iodide  from  known 
weights  of  iodine  and  metal  was  performed.  The  iodine  was  dissolved 
in  a  solution  of  ammonium  sulphite,  and  thus  converted  into  ammonium 
iodide.  The  silver  was  transformed  into  sulphate  and  the  two  solutions 
were  mixed.  When  the  precipitate  of  silver  iodide  was  completely  de- 
posited the  supernatant  liquid  was  titrated  for  the  trifling  excess  of  iodine 
which  it  always  contained.  As  the  two  elements  were  weighed  out  in  the 
ratio  of  127  to  108,  while  the  atomic  weight  of  iodine  is  probably  a  little 
under  127,  this  excess  is  easily  explained.  From  these  experiments  two 
sets  of  values  were  deduced ;  one  from  the  weights  of  silver  and  iodine 
actually  employed,  the  other  from  the  quantity  of  iodide  of  silver  col- 
lected.   From  the  first  set  we  have  of  iodine  for  100  parts  of  silver : 

117.5390 
117.5380 
117.5318 
1x7-5430 
117.5420 
117.5300 

Mean,  117.5373,  =t  .0015 

*  Aroiistein's  trausiatiou,  pp.  136, 153. 
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From  the  weight  of  silver  iodide  actually  collected  we  get  as  follows. 
For  experiment  number  three  in  the  above  column  there  is  no  equivalent 
here: 

117.529 

117.531 

117.539 

117.538 

117-530 

Mean,  117. 5334,  ±.0014 

Now,  combining  these  several  sets  of  results,  we  have  the  following 
general  mean : 

Marignac '. 1175335,  ±  .«>36 

Stas,  1st  series 1 17.5325,  ±  .0024 

**    2d     "       117.5373,  ±0015 

"    3d     "       117.5334,  ±.0014 

General  mean ^  '7'5345»  ±  .0009 

One  other  comparatively  unimportant  iodine  ratio  remains  for  us  to 
notice.  Silver  iodide,  heate4  in  a  stream  of  chlorine,  becomes  converted 
into  chloride ;  and  the  ratio  between  these  two  salts  has  been  thus  deter- 
mined by  Berzelius  and  by  Dumas. 

From  Berzelius*  we  have  the  following  data.  In  the  third  column  I 
give  the  ratio  between  Agl  and  100  parts  of  AgCl : 

5.000  grm.  Agl  gave  3.062  AgCl.  163.292 

12.212  "  7.4755     «'  163.360 

Mean,  163.326,  zb  .023 
Dumas' t  results  were  as  follows: 

3.520  grm.  Agl  gave  2.149  AgCl.  163.793 

7. on  **  4.281     "  163.770 

Mean,  163.782,  ib  .008 
General  mean  from  the  combination  of  both  series,  163.733,  ±  .0076. 

Foi^  sodium  there  are  but  four  ratios  of  any  value  for  present  purposes. 

The  early  work  of  Berzelius  we  may  disregard  entirely,  and  confine 
ourselves  to  the  consideration  of  the  results  obtained  by  Penny,  Pelouze, 
Dumas,  and  Stas,  together  with  a  single  ratio  measured  incidentally  by 
Ramsay  and  Aston. 

The  percentage  of  oxygen  in  sodium  chlorate  has  been  determined 
only  by  PennyJ,  who  used  the  same  method  which  he  applied  to  the 
potassium  salt.     Four  experiments  gave  the  following  results : 

♦  Ann.  Chim.  Phys.  (2),  40,  430.  1829. 
t  Ann.  Chem.  Pharm.,  113,  28.  i860. 
X  Phil.  Transactions,  1839,  p.  25. 
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45.060 

45.075 
45.080 
45.067 


Mean,  450705,  ±  .0029. 

The  ratio  between  silver  and  sodium  chloride  has  been  fixed  by  Pe- 
louze,  Dumas,  and  Stas.  Pelouze  *  dissolved  a  weighed  quantity  of  silver 
in  .nitric  acid,  and  then  titrated  with  sodium  chloride.  Equivalent  to 
1(X)  parts  of  silver  he  found  of  chloride : 

54.158 
54.125 
54.139 


Mean,  54.141,  db  .0063 

By  Dumas  f  we  have  seven  experiments,  with  results  as  follows.    The 
third  column  gives  the  ratio  between  100  of  silver  and  NaCl : 

2.0535  grm.  NaCl=  3.788  grm.  Ag.  54- 2 11 


2.169 

4.0095 

54.097 

4.3554 

8.0425 

• 

54.155 

6.509 

12.0140 

54.178 

6.4"3 

11.8375 

5"4.I75 

2.1746 

4.012 

54.202 

5.113 

9.434 

Mean, 

54.187 
,54.172,  ±.0096 

Stas.J  applying  the  method  used  in  establishing  the  similar  ratio  for 
potassium  chloride,  and  working  with  salt  from  six  different  sources, 
found  of  sodium  chloride  equivalent  to  100  parts  of  silver : 

54.2093 
54.2088 
54.207a 
54.2070 
54.2070 
54.2060 
54.2076 
54.2081 
54.2083 
54.2089 


Mean,  54.2078,  dt  .0002 

As  in  the  case  of  the  corresponding  ratio  for  potassium  chloride,  these 
data  needed  to  be  checked  by  others  which  took  into  account  the  solu- 

*  Compt.  Rend.,  20.  1047.    1845. 

t  Ann.  Chem.  Pharni*  113.  31.     i860. 

t  Aronstein's  translation,  p.  274. 
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bility  of  silver  chloride.    Such  data  are  given  in  Stas'  paper  of  1882,* 
and  four  results  are  as  follows : 

54.2065 

54.20676 

54.2091 

542054 

Mean,  54.20694,  ib  .00045 

Corrected  for  a  trace  of  silica  in  the  sodium  chloride,  this  mean  becomes 
54.2046,  zt  .00045.t  Combining  all  four  series,  we  have  for  the  NaCl 
equivalent  to  100  parts  of  Ag —  » 

*  Pelouze 54.  *4T,    =t  .0063 

Dumas 54-  >  72,    zh  .0096 

Slas,  early  series 54.2078,  dr  .OfX)2 

Stas,  late       ** 54.2046,  ±  .00045 

General  mean 54*207 r,  dr  .00018 

Here  the  work  of  Stas  is  of  such  superior  excellence  that  the  other  de- 
terminations might  be  completely  rejected  without  ai>preciably  affecting 
our  final  results. 

In  their  research  upon  the  atomic  weight  of  boron,  Ramsay  and  Aston  J 
converted  borax  into  sodium  chloride.  In  the  latter  the  chlorine  was 
afterwards  estimated  gravimetrically  by  weighing  as  silver  chloride  on  a 
Gooch  filter.     Hence  the  ratio,  AgCl :  NaCl :  :  100 :  x,  as  follows : 

3.0761  grm.  NaCl  gave  7.5259  AgCl.  Ratio,  40.874 

2.7700               "               6^7794     •'  **       40.859 

2.8930              •*               7.0804     •*  "      40.859 

2.7360               •*               6.6960     *'  "40.860 

1.9187               *'               46931     *'  "       40.863 

Mean,  40.867,  ±  .0033 

Finally,  for  the  ratios  betweeh  silver  and  sodium  bromide  we  have  one 
set  of  measurements  by  Stas.g  The  bromide  was  prepared  by  saturating 
NajjCOj  with  HBr.     The  NaBr  proportional  to  100  parts  of  silver  was — 

95.4420 

954383 
95.4426 

95.4392 
Mean,  95.4405,  zb  .0007 

We  have  now  before  us  the  data  for  computing,  with  greater  or  less 

accuracy,  the  atomic  weights  of  the  six  elements  under  discussion.     In 
— 1 

•M^moires  Acad.  Roy.  de  BcIkc,  4:^.     1882. 

t  Sec  Van  der  PlaaU,  Ann.  Chira.  Phys.  (6),  7,  16.     1886. 

X  Chcm.  News,  66,  92.     is*92. 

g  M6moires  Acad.  Roy.  Beige.,  43.     1882. 
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all  there  are  nineteen  ratios,  involving  about  two  hundred  and  fifty 
separate  experiments.  These  ratios  may  now  be  tabulated  and  num- 
bered for  reference,  it  being  understood  that  the  probable  error  in  each 
case  is  that  of  the  last  term  in  the  proportion. 

(I.)  Percentage  of  O  in  KCIO, 39.i54i    ±  .ocxJjS 

(2.)  "  **  KBrOj 28.6755,  ±  .0207 

(3.)  *'  "  KIO, 22.473,    ±.0050 

(4.)  •*  *  NaCiO, 45.0705,  ±  .0029 

(5.)  **  **         AgClOj 25.080,    ±.0010 

(6.)  "  **  AgBrO, 20.349,    ±.0014 

(7.)  "  *'  AglOg 16.9771,  rb  .0009 

(8.)  Ag  :  NaCl  :  :  100  :  54.2071,  ±  .00018 
(9.)  Ag  :  Nalir  :  :  100  :  95.4405,  dz  .0007 

(10.)  Ag  :  KCl  :  :  lOO  :  69.1143,  db  .OOO13 

(ll.)  Ag  :  KHr  :  :  lOO  :  110.3459,  dz  .0019 

(12.)  Ag  :  KI  :  :  100  :  153.6994,  d=  .0178 

(13.)  Ag  :  CI  :  :  100  :  32.8418,  dr  .0006 

(14.)  Ag  :  Br  :  :  loo  :  74.080,  i  .00057 

(15.)  Ag  :  I  :  :  100  :  117.5345,  ±  .0009 

(16.)  AgCl  :  NaCl  :  :  100  :  40.867,  ±  .0033 

(17.)  KCI  :  AgCl  :  :  100  :  192.294,  ±  .0029 

(18.)  AgCl  :  AgBr  :  :  100  :  131.030,  d:  .023 

(19.)  AgCI  :  Agl  :  :  100  :  163.733,  ±  .0076 

Now,  from  ratios  1  to  7,  inclusive,  we  can  at  once,  by  applying  the 
known  atomic  weight  of  oxygen,  deduce  the  molecular  weights  of  seven 
lialoid  salts.     I^t  us  consider  the  first  calculation  somewhat  in  detail. 

Potassium  chlorate  yields  39.154  per  cent,  of  oxygen  and  60.846  per 
cent,  of  residual  chloride.  For  each  of  these  quantities  the  probable 
lerror  is  di  .00038.  The  atomic  weight  of  oxygen  is  15.879,  ±z  .0003,  so 
that  the  value  for  three  atoms  becomes  47.637,  ±:  .0009.  We  have  now 
the  following  simple  proportion : 

39.154:  60.846::  47.637  ::r, 

whence  the  molecular  weight  of  potassium  chloride  becomes  =  74.029. 
The  probable  error  being  known  for  the  first,  second,  and  third  term 
of  this  proportion,  we  can  easily  find  that  of  the  fourth  term  by  the 
formula  given  in  our  introduction.  It  is  ±  .0073.  By  this  method  we 
obtain  the  following  series  of  values,  which  may  conveniently  be  num- 
bered consecutively  with  the  foregoing  ratios : 

(20)  KCI,  from  (i)  =    74.029,  db  .0073 

(21)  KBr,  ♦*  (2)  =  118.487,  dr  .0923 

(22)  KI,  "  (3)  =  164.337,  ±  .0382 

(23)  NaCI,  "  (4)  =    58.057,  ±  .0050 

(24)  AgCI,  '*  (5)  =  142.303,  ±:  .0066 

(25)  AgBr,  «•  (6)  =  186.463,  ±  .0137 

(26)  Agl,  "  (7)  =-  232.959,  dz  .0134 
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With  the  help  of  these  molecular  weights^,  we  are  now  able  to  com- 
pute seven  independent  values  for  the  atomic  weight  of  silver. 

First,      from  (lo)  and  (20) Ag  =  107. 1 1 1,  ±  .0106 


Second, 

Third, 

Fourth, 

Fifth, 

Sixth, 

Seventh, 


(12) 

(8) 
('3) 
(14) 
('5^ 


(21). 
(22). 
(23). 
(24). 
(25). 
(26). 


=  107.378,  ±  .0837 
=  106.921,  rb  .0278 
=  107.102,  ±:  .0092 
=  107.122,  rb  .0050 
=  107.113,  ±.0079 
=  107.091,  ±  .0062 


General  mean. Ag  =  107. 108,  ±:  .0031 

It  is  noticeable  that  five  of  these  values  agree  very  well.  The  second 
and  third,  however,  diverge  widely  from  the  average,  but  in  opposite 
directions;  they  have, moreover, high  probable  errors, and  consequently 
little  weight.  Of  these  two,  one  represents  little  and  the  other  none  of 
Stas'  work.  Their  trifling  influence  upon  our  final  results  becomes 
curiously  apparent  in  the  series  of  silver  values  given  a  little  further 
along. 

When  we  consider  closely,  in  all  of  its  bearings,  any  one  of  the  values 
just  given,  we  shall  see  that  for  certain  purposes  it  must  be  excluded 
from  our  general  mean.  For  example,  the  first  is  derived  partly  from 
the  ratio  between  silver  and  potassium  chloride.  From  this  ratio,  the 
atomic  weight  of  one  substance  being  known,  we  can  deduce  that  of  the 
other.  We  have  already  used  it  in  ascertaining  the  atomic  weight  of 
silver,  and  the  value  thus  obtained  is  included  in  our  general  mean. 
But  if  from  it  we  are  to  determine  the  molecular  weight  of  potassium 
chloride,  we  must  use  a  silver  value  derived  from  other  sources  only,  or 
we  should  be  assuming  a  part  of  our  result  in  advance.  In  other  words, 
we  must  now  use  a  general  mean  for  silver  from  which  this  ratio  with 
reference  to  silver  has  been  rejected.  Hence  the  following  series  of  silver 
values,  which  are  lettered  for  reference : 

A..  General  mean  from  all  eight 107. 108,  dr  .0031 

B.  "  excluding  the  first 107.108,^.0032 

C.  **  **  second 107.107,  zh  .0031 

D.  "  *'  third 107.110,^.0031 

E.  •*  **  fourth 107. 109,  =t  -0033 

F.  •*  "  fifth 107.099,  ±  .0039 

G.  •*  '*  sixth .107.106,^.0034 

H.  "  '*               seventh  ....  1 07. 113,  ±  .0036 


We  are  now  in  a  position  to  determine  more  closely  the  molecular 
weights  of  the  haloid  salts  which  we  have  already  been  considering. 

For  silver  chloride,  still  employing  the  formula  for  the  probable  error 
of  the  last  term  of  a  proportion,  we  get  the  following  values: 
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From  (5) AgCl  =  142.303.  ±  .«>^ 

From  (13)  and  (F) **     =142.276,^.0052 

From  (16)     •*    (23) **  .  =  142.063,  rfc  .0168 

From  (17)     **    (20) **     =142.353,  =t:. 01 56 

From  (18)     '*    (25) **    =  142.306,  ±  .0271 

From  (19)    ",(26) **     =  142.278,  zb  .0105 

General  mean AgCl  =  142.277,  d:  .0036 

The  third  of  these  values  is  certainly  too  low,  and  although  it  reduces 
the  atomic  weight  of  chlorine  by  only  0.01,  it  ought  to  be  rejected.  The 
general  mean  of  the  other  five  values  is  AgCl  =  142.287,  ±  .0037.  Sub- 
tracting from  this  the  atomic  weight  of  silver,  107.108,  ±  .0031,  we  have 
for  the  atomic  weight  of  chlorine — 

a  =  35. 1 79.  dr. 0048. 

For  silver  bromide  three  ratios  are  available : 

From  (6) AgBr  =  186.463,  db  .0137 

From  (14)  and  (G) "     =186.450,^1.0050 

From  (18)     '*    (24) '*     =  186.459,  rt  .0339 

General  mean AgBr  =  186.452,  d:  .0054 

•    Hence,  applying  the  atomic  weight  of  silver  as  before — 

Br  =  79.344,  =fc  .0062. 
For  silver  iodide  we  have — 

From  (7) Agl  =  232.959,  ±  .0134 

From  (15)  and  (H) "  =  233.008,  dz  .0079 

From  (19)  **  (24) **  =232.997,^.0153 

General  mean Agl  =  232.996,  d:  .0062 

Hence, 

1  =  125.888,  d=.oo69. 

For  the  molecular  weight  of  sodium  chloride  three  values  appear,  as 
follows : 

From  (4) NaCi  =  58.057,  ±  .0050 

From  (8)and  (E) **     =  58.061,  di  .0018 

From  (16)  •♦    AgCl "     =  58.148,  d=  .0049 

General  mean NaCl  =  58.069,  dz  .0016 

Rejecting  the  third  value,  which  corresponds  to  the  rejected  value  for 
AgCl  and  throws  out  ratio  (16)  entirely,  the  mean  becomes 

NaCl  =  58.060,  d=  .0017 
From  (9)  and  (A) NaBr  =  102.224,  ±  .0031 
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Deducting  from  these  molecular  weights  the  values  already  found  for 
CI  and  Br,  two  measurements  of  the  atomic  weight  of  sodium  are  obtained, 
thus : 

From  NaCl Na  =  22.881,  db  .0051 

From  Na Br *'   =  22.880,  db  .0112 

General  mean Na  =  22,881,  =h  0046 

The  rejection  of  ratio  (16)  in  connection  with  the  atomic  weights  of 
sodium  and  chlorine  is  fully  justified  by  the  fact  that  the  data  which  it 
represents  were  never  intended  for  use  in  such  computations.  They  were 
obtained  incidentally  in  connection  with  work  upon  boron,  and  their 
consideration  here  may  have  some  bearing  later  upon  the  discussion  of 
the  last-named  element. 

For  potassium,  the  ratios  available  give  molecular  weights  for  the 
chloride,  bromide,  and  iodide.     For  the  chloride, 

From  (I) KCl  =  74.029,  =b  .0073 

From  (10)  and  (B) **    =  74.027,  dz  .C022 

From  (17)    **    (24) "   =  74.003,  =h  .0049 

General  mean. . .  ^ KCl  =  74.025,  ±z  .0019 

For  the  bromide  we  have — 

From  (2) KBr=  118.487,  =b  .0923 

From  (II)  and  (C) •*    =  1 18. 188,  ±.0073 

General  mean KBr=:  118.200,  dr  .0073 

And  for  the  iodide — 

From  (3) KI  =  164.337,  ±  -0382 

From  (12)  and  (D) **  =  164.627,  d=  .0052 

General  mean KI  =  164.622,  d=  .0051 

Combining  these  values  with  those  found  for  chlorine,  bromine,  and 
iodine,  we  have  three  values  for  the  atomic  weight  of  potassium,  as  fol- 
lows : 

From  KG K  =  38.846,  zb  JO078 

From  KBr **  =  38.856,  db  .0096 

From  KI "  =38.734,  ±.0086 

General  mean K  =  38.817,  zh  .0051 


To  sum  up,  the  six  atomic  weights  under  discussion  may  be  tabulated 
as  follows,  both  for  the  standard  chosen,  and  with  0  =  16  as  the  base  of 
the  system : 


SILVER,   POTASSIUM,   ETC.  57 

//=i.  0=16. 

Ag 107. 108,  ±  .0031  107.924 

K 38.8i7,±.oo5i  39-"2 

Na *. ..     22.881,^.0046  23.048 

CI 35.179,^.0048         35.447 

Br 79.344,  ±  .0062  79-949 

I 125.888,  ±.0069  126.847 

It  must  be  remembered  that  these  values  represent  the  summing  up 
of  work  done  by  many  investigators.  Stas'  ratios,  taken  by  themselves, 
give  various  results,  according  to  the  method  of  combining  them.  This 
computation  has  been  made  by  Stas  himself,  with  his  older  determina- 
tions, and  more  recently  by  Ostwald,*  Van  der  Plaats,t  and  Thomsen,  % 
all  with  the  standard  of  0  =  16.  By  Van  der  Plaats  two  sets  of  results 
are  given :  one  with  Stas'  ratios  assigned  equal  weight  (A),  and  the  other 
with  each  ratio  given  weight  inversely  proportional  to  the  square  of  its 
mean  error  (B).  The  results  of  these  several  computations  may  well  be 
tabulated  in  comparison  with  the  values  obtained  in  my  own  general 
discussion,  thus : 

Clarke.  Stas.  Ostwald.  V.  der  P.,  A.  V.derP.,B.  Thomsen. 

Ag 107.924  107.930  107.9376  107.9202  107.9244  107.9299 

K 39.112  39.137          39.»36i            39.1414  39.1403  39. '507 

Na 23.048  23.043          23.0575            23.0453  23.0443  23.0543 

CI 35-447  35-457          35-4529            35-4516  35-4565  35-4494 

Br 79-949  79  952          799628            79-9407  79-9548  79.95'0 

I 126.847  126.850  126.8640  126.8445  126.8494  126.8556 

The  agreement  between  the  new  values  and  the  others  is  highly  satis- 
factory, and  gives  a  strong  emphasis  to  the  magnificent  accuracy  of  Stas' 
determinations.     No  severer  test  could  be  applied  to  them. 

^I^hrbuch  der  allKcmeinen  Chemie,  i,  41.    1885. 

f  Compt.  Rend.,  116,  1363.    1893. 

X  Zeitach.  Physikal.  Chera.,  13,  726.    1894. 
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NITROGEN. 

The  atomic  weight  of  nitrogen  has  been  determined  from  the  density 
of  the  gas,  and  from  a  considerable  variety  of  purely  chemical  ratios. 

Upon  the  density  of  nitrogen  a  great  many  experiments  have  been 
made.  In  early  times  this  constant  was  determined  by  Biot  and  Arago, 
Thomson,  Dulong  and  Berzelius,  Lavoisier,  ahd  others.  But  all  of  these 
investigations  may  be  disregarded  as  of  insufficient  accuracy ;  and,  as 
in  the  case  of  oxygen,  we  need  consider  only  the  results  obtained  by 
Dumas  and  Boussingault,  by  Regnault,  and  by  recent  investigators. 

Taking  air  as  unity,  Dumas  and  Boussingault*  found  the  density  of 
nitrogen  to  be — 

.970 
.972 
.974 

Mean,  .972,  d=  .00078 

For  hydrogen,  as  was  seen  in  our  discussion  of  the  atomic  weight  of 
oxygen,  the  same  investigators  found  a  mean  of  .0693,  ±  .00013.  Upon 
combining  this  with  the  above  nitrogen  mean,  we  find  for  the  atomic 
weight  of  the  latter  element,  N  =  14.026,  ±  .0295. 

By  Regnault  f  much  closer  work  was  done.  He  found  the  density  of 
nitrogen  to  be  as  follows : 

.97148 
.97148 
.97154 
.97155 
.97108 
.97108 


Mean,  -97137,  dt  .000062 


For  hydrogen,  Regnault's  mean  value  is  .069263,  ±  .000019.  Hence, 
combining  as  before,  N  =  14.0244  ±  .0039. 

Both  of  the  preceding  values  are  affected  by  a  correction  for  the  dif- 
ference in  volume  between  the  weighing  globes  when  full  and  when 
empty.  This  correction,  in  the  case  of  Regnault's  data,  has  been  meas- 
ured by  Crafts,!  who  gives  .06949  for  the  density  of  H,  and  .97138  for  N. 
Corrected  ratio,  N  =  13.9787.  If  we  assume  the  same  proportional  cor- 
rection for  the  determination  by  Dumas  and  Boussingault,  that  becomes 
N  =  13.9771. 

*Compt.  Rend.,  12,  1005.  1841. 
t  Compt.  Reud.,  20.  975.  1845. 
J  Compt.  Rend.,  106,  1664. 
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Von  Jolly  *  working  with  electrolytic  oxygen  and  with  nitrogen  pre- 
pared by  passing  air  over  hot  copper,  but  not  with  hydrogen,  compared 
the  weights  of  equal  volumes  of  the  two  gases,  with  results  as  follows  : 


Oxygen. 
1.442470 

1.442579 
1.442489 
1.442570 

1.442571 
1.442562 
1.442478 

Mean,  i.442545»  ±  .000013 


Nitrogen, 
1.269609 
1.269389 
•  1.269307 

1.269449 
1. 269515 
1.269443 
1.269478 

Mean,  ^.269455,  ±.000024 


The  ratio,  when  0  =  16,  is  N  =  14.0802,  di  .0003.  Corrected  by  Ray- 
leigh,  the  ratio  between  the  weights  becomes  14.0805.  If  0  =  15.879, 
lb  .0003,  the  final  value  for  N,  deducible  from  Von  Jolly's  data,  is  N  =s 
13.974,  ±1 .0004. 

The  next  determination  in  order  of  time  is  Leduc's.f  He  made  nine 
measurements  of  the  density  of  nitrogen,  giving  a  mean  of  .97203,  with 
extremes  of  .9719  and  .9721;  but  he  neglects  to  cite  the  intermediate 
values.  Taking  the  three  iigures  given  as  representative,  and  assuming 
a  fair  distribution  of  the  other  values  between  the  indicated  limits,  the 
probable  error  of  the  mean  is  not  far  from  0.00002.  For  hydrogeu  he 
found  .06948,  ib  .00006745.  The  ratio  between  the  two  densities  gives 
N  =  13.9901,  ±.0138. 

Lord  Rayleigh,J  preparing  nitrogen  by  passing  air  over  hot  copper, 
and  weighing  in  a  standard  globe,  obtained  the  following  weights  : 

2.31035 
2.31026 
2.31024 
2.31012 
2.31027 


Mean,  2.31025,  ±000025 


With  corrections  for  temperature,  shrinkage  of  the  globe  when  ex- 
hausted,  etc.,  this  becomes  2.30883,  as  against  2.37512  for  the  same  volume 
of  air.  Hence  the  density  of  N  =  .97209,  ±:  .00001.  His  former  work 
on  hydrogen  gives  .06960,  ±  .0000084,  for  the  density  of  that  gas.  The 
ratio  is  N  =  13.9678,  ±:  .0017. 

The  foregoing  data,  however,  all  apply  to  nitrogen  derived  from  the 
atmosphere.     In  a  later  memoir  Rayleigh  §  found  that  nitrogen  from 

*  Poggcnd.  Annalen  (2),  6,  529-530.    1879. 
fCorapt.  Rend.,  113,  186.    1891. 
X  Proc.  Roy.  Soc.,  53,  134.    1894. 
gChcm.  News,  69,  231.     1894. 
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chemical  sources,  such  as  oxides  of  nitrogen,  ammonium  nitrate,  etc., 
was  perceptibly  lighter ;  and  not  long  afterwards  the  discrepancy  was 
explained  by  the  astonishing  discovery  of  argon.  The  densities  given, 
therefore,  are  all  too  high,  and  unavailable  for  any  discussion  of  atomic 
weight.  As,  however,  the  reductions  had  been  completed  in  nearly  all 
their  details  before  the  existence  of  argon  was  announced,  they  may  be 
allowed  to  remain  here  as  part  of  the  record.  Summing  up,  the  ratios 
found  between  hydrogen  and  atmospheric  **  nitrogen  "  are  as  follows : 

Dumas  and  Boussingault,  corrected '3-977 

Regnault,  **        J3-979 

Von  Jolly,  *«         13.974 

Leduc,  '• 13-990 

Rayleigh,  «*         13.968 

Perhaps  at  some  future  time,  when  the  density  of  argon  is  accurately 
known  and  its  amount  in  the  atmosphere  has  been  precisely  determined, 
these  figures  may  be  so  corrected  as  to  be  useful  for  atomic  weight  calcu- 
lations. 

In  discussing  the  more  purely  chemical  ratios  for  establishing  the 
atomic  weight  of  nitrogen,  we  may  ignore,  for  the  present,  the  researches 
of  Berzelius  and  of  Anderson.  These  chemists  experimented  chiefly 
upon  lead  nitrate,  and  their  work  is  consequently  now  of  greater  value 
for  fixing  the  atomic  weight  of  lead.  Their  results  will  be  duly  consid- 
ered in  the  proper  connection  further  on. 

The  ratio  between  ammonium  chloride  and  silver  has  been  determined 
by  Pelouze,  by  Marignac,  and  by  Stas.  The  method  of  working  is  essen- 
tially that  adopted  in  the  similar  experiments  with  the  chlorides  of 
sodium  and  potassium. 

For  the  ammonium  chloride  equivalent  to  100  parts  of  silver,  Pelouze* 

found : 

49.556 
49.5 '7 

Mean,  49-5365,  ±  •0'3 

Marignac  t  obtained  the  following  results.  The  usual  ratio  for  100 
parts  of  silver  is  given  also : 

8.063  grm.  Ag=  3.992  grm.  NH^CI.  49.510 

9.402  **  4.656  "  49-521 

"0.339  **  5-«20  "  49.521 

12.497  *'  6. 191  *•  49.540 

11.337  •'  5.6i7  "  49.546 

11-307  "  5-595  "  49-483 

4.326  "  2.143  "  49-538 

Mean,  49-523,  ^  .0055 

*  Compt.  Rend.,  20,  1047.    1845. 

t  Berzelius'  I^hrbuch,  5th  cd.,  vol.  3,  1184,  1185. 
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But  neither  of  these  series  can  for  a  moment  compare  with  that  of 
Stas.  *  He  used  from  12.5  to  80  grammes  of  silver  in  each  experiment^ 
reduced  his  weighings  to  a  vacuum  standard,  and  adopted  a  great  variety 
of  precautions  to  insure  accuracy.  He  found  for  every  100  parts  of  silver 
the  following  quantities  of  NH^Cl : 

49.600 

49.599 

49.597 

49.598 

49.597 

49-593 

49.597 

49.5974 

49.602 

49.597    '  ,  )     . 

49  598 

49592 


Mean,  49.5973.  ^  .«»5 

In  this  work,  as  with  the  similar  ratios  for  potassium  and  sodium 
chloride,  the  solubility  of  silver  chloride  was  not  guarded  against  so  fully 
as  is  needful.  Accordingly  Stas  published  a  new  series  of  determina- 
tions in  1882,t  carefully  checked  in  this  particular,  with  the  subjoined 
values  for  the  ratio : 

49.60001 
49.59999 
49.599 
49.600 

49.597 


Mean,  49- 5992,  ±  .00039 

Combining  all  four  series,  we  have — 

Pelouze 49.5365,  ±  .013 

Marignac 49.523,    ^  .©©55 

Stas,  early  series 49-5973,  ±  .0005 

Stas,  later     '*     49.5992,  ±:  .000^9 

General  mean 49*5983,  ±:  .00031 

In  the  paper  last  cited  Stas  also  gives  a  similar  series  of  determinations 
for  the  ratio  Ag :  NH^Br : :  100 :  x.  The  results  are  as  follows,  with  re- 
duction to  vacuum : 


♦  Aronstein's  translation,  pp.  56-58. 
t  M^moires  Acad.  Roy.  de  Beige.,  43. 


1883. 


62  THE  ATOMIC   WEIGHTS. 

90-831 

90.831 

90.8297 

90.823 

90.8317 

90.8311 

90.832 

Mean,  90.8299,  dz  .0008 

The  quantity  of  silver  nitrate  which  can  be  formed  from  a  known 
weight  of  metallic  silver  has  been  determined  by  Penny,  by  Marignac, 
and  by  Stas.  Penny*  dissolved  silver  in  nitric  acid  in  a  flask,  evapo- 
rated to  dryness  without  transfer,  and  weighed.  One  hundred  parts  of 
silver  thus  gave  of  nitrate : 

•     •  157.430 

'  157.437 

157.458 
157.440 
157.430 
'57.455 


Mean,  157.4417,^:+:. 0033 

Marignac'sf  results  were  as  follows.     In  the  third  column  they  are 
reduced  to  the  common  standard  of  100  parts  of  silver : 


68.987  grm.  Ag  gave  108.608  grm.  AgNO,. 


57.844 

l( 

91.047 

66.436 

<( 

104.592 

70.340 

II 

II0.7I8 

200.000 

II 

314.894 

157.433 
157.401 
157.433 
157.404 
157.447 


Mean,  157.4236,  ±,  .0061 


Stas,  J  employing  from  77  to  405  grammes  of  silver  in  each  experiment, 
made  two  different  series  of  determinations  at  two  different  times.  The 
silver  was  dissolved  with  all  the  usual  precautions  against  loss  and 
against  impurity,  and  the  resulting  nitrate  was  weighed,  first  after  long 
drying  without  fusion,  just  below  its  melting  point ;  and  again,  fused. 
Between  the  fused  and  the  unfused  salt  there  was  in  every  case  a  slight 
difference  in  weight,  the  latter  giving  a  maximum  and  the  former  a 
minimum  value. 

In  Stas'  first  series  there  are  eight  experiments;  but  the  seventh  he 
himself  rejects  as  inexact.     The  values  obtained  for  the  nitrate  from  100 

•  Phil.  Trans.,  1839. 

t  Bcrzclius'  I^chrbuch,  5th  ed.,  3,  pp.  1184,  1185. 

I  Aronstein's  translation,  pp.  305  and  315. 
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parts  of  silver  are  given  below  in  two  columns,  representing  the  two  con- 
ditions in  which  the  salt  was  weighed.  The  general  mean  given  at  the 
end  I  have  deduced  from  the  means  of  the  two  columns  considered 
separately : 


Unfused. 
157.492 
157.510 
157.485 
157.476 
157.478 
157.471 
157.488 


Fused, 

157.474 
157.481 
157.477 
157.471 
157-470 
157.463 
157.469 


Mean,  157.4857  Mean,  157.472 

General  mean,  157.474,  db  .0014 

In  the  later  series  there  are  but  two  experiments,  as  follows  : 


Unfused. 
157.4964 
'5T.4940 


Fused. 
157.488 
157.480 


Mean,  157.4952  Mean,  157.484 

General  mean,  157.486,  d:  .ocx>3 


The  reverse  ratio,  namely,  the  amount  of  silver  obtainable  from  a 
weighed  quantity  of  nitrate,  has  been  determined  electrolytically  by 
Hardin.*  The  data  obtained,  however,  are  reducible  to  the  same  form 
as  in  the  preceding  series,  and  all  are  properly  combinable  together. 
Pure  silver  was  dissolved  in  pure  aqueous  nitric  acid,  and  the  crystal- 
line salt  thus  formed  was  dried,  fused,  and  used  for  the  determinations. 
The  silver  nitrate,  mixed  with  an  excess  of  pure  potassium  cyanide  solu- 
tion, was  electrolyzed  in  a  platinum  dish.  The  results  obtained,  reduced 
to  vacuum  weights,  were  as  follows : 


.31202  AgNOjgave  .19812  Ag. 


.47832 

.30370 

.56742  . 

.36030 

.57728 

.36655 

.69409 

.44075 

.86367 

.54843 

.86811 

.55130 

.93716 

.59508 

I.06I70 

.67412 

I. 19849 

.76104 

itio 

,  157.490 

IC 

157.498 

t( 

157.485 

t( 

157.490 

<( 

157.479 

(t 

157.479 

t< 

157.466 

l( 

157.485 

t< 

157.494 

(( 

157.477 

ean 

,  157.484, 

.0020 


*  Journ.  Anxer.  Chem.  Soc.,  18, 995.    1896. 


64  THE  ATOMIC   WEIGHTS. 

Now,  to  combine  all  five  sets  of  results : 

Penny I57.44I7,  ±  .0033 

Marignac 157-4236,  dt  .0061 

Stes,  1st  series 157.4740,  rb  .0014 

Slas,  2d      **      157.4860,  ±  .0003 

Hardin 157.484,    db  .0020 

General  mean 157.479,    ±.0003  ^ 

For  the  direct  ratio  between  silver  nitrate  and  silver  chloride  there  are 
two  series  of  estimations.  A  weighed  quantity  of  nitrate  is  easily  con- 
verted into  chloride,  and  the  weight  of  the  latter  ascertained.  In  two 
experiments  Turner*  found  of  chloride  from  100  parts  of  nitrate: 

84357 
84.389 


Mean,  84.373,1^.011 


Penny ,t  in  five  determinations,  found  the  following  percentages: 

84.370 
84.388 

84.377 
84.367 
84.370 


Mean,  84.3744,  =fc  .0025 

The  general  mean  from  both  series  is  84.3743, 


.0025. 


The  ratio  directly  connecting  silver  nitrate  with  ammonium  chloride 
has  been  determined  only  by  Stas.  J  The  usual  method  of  working  was 
followed,  namely,  nearly  equivalent  quantities  of  the  two  salts  were 
wei^'hed  out,  the  solutions  mixed,  and  the  slight  excess  of  one  estimated 
by  titration.  .  In  four  experiments  100  parts  of  silver  nitrate  were  found 
equivalent  to  chloride  of  ammonium,  as  follows : 

31.489 
3«-49o 
3'.487 
31.486 


Mean,  31.488,  ±  .0006 


The  similar  ratio  between  potiissium  chloride  and  silver  nitrate  has 
been  determined  by  both  Marignac  and  Stas. 

•  Phil.  Trans.,  1833,  537. 

t  Phil.  Trans.,  1839. 

X  Aronstein's  translation,  p.  309. 


NITROGEN. 


65 


Marignac*  gives  the  following  weights.     I  add  the  quantity  of  KCl 


proportional  to  100  parts  of  AgNO, : 

1.849  gnn.  KCl  =   4.218  grm.  AgNOj. 


2.473 
3-3»7 
2.926 
6.191 
4.351 


5.640 

7.565 

6.670 

14. 1 10 

9.918 


43.836 
43.848 
43-847 
43.868 

43.877 
43.870 

Mean,  43.858,  ±  .0044 


Stas'  t  results  are  given  in  three  series,  representing  silver  nitrate  from 
three  different  sources.  In  the  third  series  the  nitrate  was  weighed  in 
vacuo,  while  for  the  other  series  this  correction  was  applied  in  the  usual 
way.     For  the  KCl  equivalent  to  100  parts  of  AgNOj  Stas  found  : 

First  Series, 
43.878 
43.875 
43.875 
43.874 


Mean,  43-8755.  =i=  .«»5. 

Second  Series, 

43.864 
43.869 
43.876 


Mean,  43-8697,  ±  .0023 

Third  Series. 

43.894 
43.878 
43.885 

Mean,  43.8857,  ±  .0031 

Combining  all  four  series  we  have:         ' 

Marignac 43.858,    rfc  .0044 

Stas,  1st  series 43-8755,  rb  .0005 

Stas,  2d     **    43.8697,  rt  .0023 

Stas,  3d     '•     43.8857,  dz  .0031 

General  mean 43.8715,  =h  .0004 

There  have  also  been  determined  by  Penny,  by  Stas,  and  by  Hibbs  a 
series  of  ratios  connecting  the  alkaline  chlorides  and  chlorates  with  the 
corresponding  nitrates.  One  of  these,  relating  to  the  lithium  salts,  will 
be  studied  farther  on  with  reference  to  that  metal. 


•Bcrzclms'  Learbuch,  5th  ed.,  3d  vol.,  1184,  1185. 
t  Aronstein's  translation,  p.  308. 
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The  general  method  of  working  upon  these  ratios  is  due  to  Penny.  * 
Applied  to  the  ratio  between  the  chloride  and  nitrate  of  potassium,  it  is 
as  follows :  A  weighed  quantity  of  the  chloride  is  introduced  into  a  flask 
which  is  placed  upon  its  side  and  connected  with  a  receiver.  An  excess 
of  pure  nitric  acid  is  added,  and  the  transformation  is  gradually  brought 
about  by  the  aid  of  heat.  Then,  upon  evaporating  to  dryness  over  a 
sand  bath,  the  nitrate  is  brought  into  weighable  form.  The  liquid  in 
the  receiver  is  also  evaporated,  and  the  trace  of  solid  matter  which  had 
been  mechanically  carried  over  is  recovered  and  also  taken  into  account 
In  another  series  of  experiments  the  nitrate  was  taken,  and  by  pure  hy- 
drochloric acid  converted  into  chloride,  the  process  being  the  same.  In 
the  following  columns  of  figures  I  have  reduced  both  series  to  one  stand- 
ard, namely,  so  as  to  express  the  number  of  parts  of  nitrate  correspond- 
ing to  100  of  chloride : 

First  Series,— KCl  treated  unth  HNO^, 

135639 
135.637 
135.640 

135.635 
135.630 
135.640 

135.630 


Mean,  135.636,  ±.0011 

Second  Series,— KNO^  treated  zvith  HCL 
135.628 

135.635 
135.630 
135.641 
135  630 
135.635 
135.630 


Mean,  135.633,^.0011 


Stas'  t  results  are  as  follows : 


135.643 
135.638 
135.647 
»35-649 
135-640 
135.645 
135.655 

Mean,  135-6453,  db  .0014 


♦Phil.  Trans.,  1839. 

t  Aronstein*s  translation,  p.  370. 
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These  figures  by  Stas  represent  weighings  in  the  air.  Reduced  to  a 
vacuum  standard,  this  mean  becomes  135.6423. 

The  determinations  made  by  Hibbs*  differ  slightly  in  method  from 
those  of  Penny  and  Stas.  He  converted  the  nitrate  into  the  chloride  by 
heating  in  a  stream  of  gaseous  hydrochloric  acid.  His  results  were  as 
follows,  vacuum  weights  being  given  • 

^      Weight  KNO^  Weight  KCL  Ratio. 

.11090                          .08177  135.624 

.14871                          .10965  135.622 

.21067                          .15533  135-627 

.23360                          .17225  135.620 

.24284  .17903  135-642 

\ 

Mean,  135.627,  di  .0026 

Now,  combining,  we  have : 

Penny,  ist  series 135.636,    dz  .001 1 

Penny,  2d      **      135633,    ±.0011 

Stas 135-6423,  ±  .0014 

Hibbs 135.627,    ±.0026 

General  mean 135-636,    ±  .0007 

By  the  same  general  process  Penny  f  determined  how  much  potassium 
nitrate  could  be  formed  from  100  parts  of  chlorate.    He  found  as  follows : 

82.505 

82.497 
82.498 
82.500 


Mean,  82.500,  db  .0012 


For  100  parts  of  sodium  chlorate  he  found  of  nitrate : 

79.87s 
79.882 

79-890 


Mean,  79.8823,  ±  .0029 


For  the  ratio  between  the  chloride  and  nitrate  of  sodium  Penny  made 
two  sets  of  estimations,  as  in  the  case  of  potassium  salts.  The  subjoined 
figures  give  the  amount  of  nitrate  equivalent  to  100  parts  of  f  hloride : 

*  Thesis  for  Doctor's  degree,  University  of  Pennsylvania,  1896.    Work  done  under  the  direction 
of  Professor  E.  F.  Smith, 
t  Phil.  Trans.,  1839. 
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First  SeHes.—NaCl  treated  with  HNOy 

HS.41S 
145.408 
145.420 

145.424 
145.410 
145.418 
145.420 

Mean,  145.4164,  db  .0015 

Second  Series. —NaNO^  ireated  with  HCL 

145.419 
145.391 
i45.4»2 
145.415 
145.412 
I45.4»2 

Mean,  145.410,  dt.  .0026 

Stas  *  gives  the  following  series : 

145.453 
145.468 

145.465 
145.469 

145.443 
Mean,  after  reducing  to  vacuum  standard,  145.4526,  =b  .0030 

Hibbs'  t  data,  obtained  by  the  method  employed  in  the  case  of  the 
potassium  compounds,  are  as  follows,  vacuum  weights  being  stated : 

WHght  NaNOy  Weight  NaCL  Ratio. 

.01550  .01066  145.403 

.20976  .14426  145.404 

.26229  .18038  145.410 

.66645  .45829  145.429 

.937'8  .64456  145.399 

Mean,  145.407,  ±  .0026 

Combining,  we  have  as  follows : 

Penny,  ist  series 145.4164,  d=  .0015 

Penny,  2d     "    , 145.410,    ±.0026 

Stas 145.4526,  db  .0030 

Hibbs 145.407,    db  .0026 

General  mean 145.418,    db  .0012 

*Aronstein's  translation,  p.  278. 

t  Thesis,  University  of  Pennsylvania,  1896. 
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Julius  Thomsen,  *  for  the  purpose  of  fixing  indirectly  the  ratio  H  :  0, 
has  made  a  valuable  series  of  determinations  of  the  ratio  HCl :  NH,, 
which  may  properly  be  used  toward  establishing  the  atomic  weight  of 
nitrogen.  First,  pure,  dry,  gaseous  hydrochloric  acid  is  passed  into  a 
weighed  absorption  apparatus  containing  pure  distilled  water.  After 
noting  the  increase  in  weight,  pure  ammonia  gas  is  passed  in  until  a  very 
slight  excess  is  present,  and  the  apparatus  is  weighed  again.  The  excess 
of  NH„  which  is  always  minute,  is  measured  by  titration  with  standard 
hydrochloric  acid.  In  weighing,  the  apparatus  is  tared  by  one  of  similar 
form,  and  containing  about  the  same  amount  of  water.  Three  series  of 
determinations  were  made,  differing  only  in  the  size  of  the  absorption 
apparatus ;  so  that  for  present  purposes  the  three  may  be  taken  as  one. 
Thomsen  considers  them  separately,  and  so  gives  greatest  weight  to  the  ex- 
periments involving  the  largest  masses  of  material.    I  give  his  weighings, 

HOI 
and  also,  as  computed  by  him,  the  ratio     ^-. 


HCL 

NH^, 

Ratio. 

First  scries 

..     51624 

2.4120 

2.1403 

39425 

1.8409 

2.1416 

4.6544 

2.1739 

2. 141 1 

3.9840 

1.8609 

2.1409 

5.3295 

2.4898 

2.1406 

4.2517 

1.9863 

2.1405 

4.8287 

2.2550 

2.1414 

6.4377 

3.0068 

2. 141 1 

4.1804 

1.9528 

2.1407 

5-0363 

2.3523 

2.1410 

4.6408 
, .   11.8418 

2.1685 
5.5302 

2. 141 1 

Second  series. . . 

2.14130 

14.3018 

6.6808 

2.14073 

12.1502 

5.6759 

2.14067 

"5443 

5.3927 

2.14073 

12.3617 
.   19.3455 

5.V733 
9.0360 

2.14118 

Third  series 

2.X4094 

19.4578 

9.0890 

Mean  of  all^ 

2.14081 

,2.14093,  ±.000053 

Reduced  to  vacuo, 

2.1394 

From  the  sums  of  the  weights  Thomsen  finds  the  ratio  to  be  2.14087, 
or  2.13934  in  vacuo.  From  this,  using  Ostwald's  reductions  of  Stas'  data 
for  the  atomic  weights  of  N  and  CI,  he  finds  the  atomic  weight  of  H  =■ 
0.99946,  when  0  =  16, 

We  have  now,  apart  from  the  determinations  of  gaseous  density,  eleven 
ratios,  representing  one  hundred  and  sixty-four  experiments,  from  which 

*  Zeitsch.  Physikal.  Chem.,  13,  398.    1694. 
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to  calculate  the  atomic  weight  of  nitrogen.    Let  us  first  collect  and  num- 
ber these  ratios : 

(I.)  Ag  :  AgNO,  :  :  IOC  :  157479,  ±  .0003 

(2.)  AgNOj  :  AgCl :  :  100  :  84.3743,  ±  .0025 

(3.)  AgNO,  :  KCl  :  :  100 :  43.8715,  ±  .0004 

(4.)  AgNO,  :  NH^Cl :  :  loo  :  31.488,  d=  .0006 

(5.)  Ag  :  NH^Cl  :  :  100  :  49-5983,  ±  .00031 

(6.)  Ag  :  NH^Br  :  :  100  :  90.8299,  ±  .0008 

(7.)  KCl  :  KNO,  :  :  100  :  135.636,  ±:  .0007 

(8.)  KCIO,  :  KNO,  :  :  100  :  82.500,  ±  .0012 

(9.)  NaCl  :  NaNO,  :  :  100  :  145  418,  ±  .0011 
(10.)  NaClO,  ;  NaNO,  :  :  100  :  79.8823,  do  .0029 
(11.)  NH,  :  HCl  :  :  l.oo  :  2.1394,  db  .000053 

From  these  ratios  we  are  now  able  to  deduce  the  molecular  weight  of 
ammonium  chloride,  ammonium  bromide,  and  three  nitrates.  For  these 
calculations  we  must  use  the  already  ascertained  atomic  weights  of  oxy- 
gen, silver,  chlorine,  bromine,  sodium  and  potassium,  and  the  molecular 
weights  of  sodium  chloride,  potassium  chloride,  and  silver  chloride.  The 
following  are  the  antecedent  values  to  be  employed  : 

Ag      =  107.108,  rfc  .0031 

K      =  38.817,^.0051 

Na     =  22,881,  ±  .0046 

CI      =  35. '79,  ±.0048 

Br      =  79-344,  i  .0062 

Og      =  47.637,^.0009 
AgCl  =- 142.287,  ±  .0037 

KCl  =  74.025,  4;  .0019 

NaCl  =  58.060,  ±:  .0017 

Now,  from  ratio  number  five  we  get  the  molecular  weight  of  NH^Cl  = 
63.124,  ±  .0016,  and  N  =  13.945,  ±  .0051. 

From  ratio  number  six,  NH, Br  =  97.286,  ±  .0029,  and  N  =  13.942, 
±  .0077. 

From  ratio  number  eleven,  NH,  =  16.911,  ±  .0048,  and  N  =  13.911, 
d:.0048. 

From  ratio  number  four,  which  involves  an  expression  of  the  type 
A  :  B  :  :  C  +  a; :  D  +  a:,  an  independent  value  is  deducible,  N  =  13.935, 
±  .0073. 

For  the  molecular  weight  of  silver  nitrate  there  are  three  values, 
namely  : 

From  (i) AgNO,  =  168.673,  ±  .0049 

From  (2) "      =  168.634,  zt  .0066 

From  (3)   "      =168.731,^.0046 

General  mean AgNO,  =  168.690,  i  .0030 

Hence  N=  13.945,  ±  .0044. 
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The  molecular  weight  of  potassium  nitrate  is  twice  calculable,  as 
follows : 

From  (7) KNO,  =  100.405,  ±  .0026 

From  (8) "      =100.371,^.0059 

General  mean KNO3  ==  100.401,  ±  .0024 

Hence  N  =  13.947,  ±  .0057. 
And  for  sodium  nitrate  we  have  : 

From  (9) NaNO,  =  84.430,  rb  .0026 

From  (10) "      =r  84.433,  dz  .0053 

General  mean NaNO,  =  84.431 ,  ±  .0023 

Hence  N  =  13.913,  ±  .0052. 

There  are  now  seven  estimates  of  the  atomic  weight  of  nitrogen,  to  be 
combined  by  means  of  the  usual  formula. 

I.  From  NH^Cl N  =  13.945,  ±  .0051 


2. 

3. 
4. 
5. 
6. 

7. 


NH^Br... 
ratio  (4) . . 

**  (II). 
AgNO,... 
KNO,  .  . . 
NaNO,... 


=  13.942,  rb  .0077 
=  13.935,  ±. 0073 
=  13-9",  ±.0048 
=  13.945,  ±.0044^ 
=  13.947,  rb  .0057  • 
=  13.913,  ±  .0052 


General  mean N  =  13.935,  ±  .0021 


If  oxygen  is  16,  this  becomes  14.041.  From  Stas'  data  alone,  Stas 
finds  14.044 ;  Ostwald,  14.0410 ;  Van  der  Plaats,  14.0421  (A),  and  14.0519 
(B) ;  and  Thomsen,  14.0396.  The  new  value,  representing  all  available 
data,  falls  between  these  limits  of  variation. 
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CARBON. 

I 

Although  there  is  a  large  mass  of  material  relating  to  the  atomic  weight 
of  carbon,  much  of  it  may  be  summarily  set  aside  as  having  no  value 
for  present  purposes.  The  density  of  carbon  dioxide,  which  has  been 
scrupulously  determined  by  many  investigators,*  leads  to  no  safe  esti- 
mate of  the  constant  under  consideration.  The  numerous  analyses  of 
hydrocarbons,  like  the  analyses  of  naphthalene  by  Mitscherlich,  Wosk- 
resensky,  Fownes,  and  Dumas,  give  results  scarcely  more  satisfactory. 
In  short,  all  the  work  done  upon  the  atomic  weight  of  carbon  before  the 
year  1840  may  be  safely  rejected  as  unsuited  to  the  present  requirements 
of  exact  science.  As  for  methods  of  estimation  we  need  consider  but 
four,  as  follows : 

FlrsL  The  analysis  of  organic  salts  of  silver. 

Second.  The  determination  of  the  weight  of  carbon  dioxide  formed  by 
the  combustion  of  a  known  weight  of  carbon. 

Third,  The  method  of  Stas,  by  the  combustion  of  carbon  monoxide. 

Fourth.  From  the  density  of  carbon  monoxide. 

The  first  of  these  methods,  which  is  probably  the  least  accurate,  was 
employed  by  Liebig  and  Redtenbacher  f  in  1840.  They  worked  with 
the  acetate,  tartrate,  racemate,  and  malate  of  silver,  making  five  ignitions 
of  each  salt,  and  determining  the  percentage  of  metal.  From  one  to 
nine  grammes  of  material  were  used  in  each  experiment. 

In  the  acetate  the  following  percentages  of  silver  were  found : 

64.615 
64.624 
64.623 
64.614 
64.610 


Mean,  64.6172,  =4=  .0018 

After  applying  corrections  for  weighing  in  air,  this  mean  becomes 
64.6065. 

In  the  tartrate  the  silver  came  out  as  follows : 

59.297 
59.299 
59.287 
59.293 
59.293 


Mean,  59  2938,  ±  .0014 
Or,  reduced  to  a  vacuum,  59.2806 


*  Notably  by  I^voisier,  Biot  and  Arago,  De  Saussure,  Dulong  and  Berzelius,  Buflf,  Von  Wrede, 
Regnault,  and  Marchaud.    For  details,  Van  Geun's  monograph  may  be  consulted, 
t  Ann.  Chem.  Pharm.,  38,  137.    Mem.  Chem.  Soc.,  i,  9.     Phil.  Mag.  (3),  19,  210. 
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In  the  racemate  we  have : 


59.290 
59.292 
59.287 
59.283 
59.284 


And  from  the  malate 


Mean 

.  59.2872, 

Or, 

tte: 

corrected, 

,  59.2769 

61.996 
61.972 
62.015 
62.059 
62.011 

.0012 


Mean,  62.0106,  ±  .0096 
Or,  corrected,  62.00 r6 

Now,  applying  to  these  mean  results  the  atomic  weights  already  found 
for  oxygen  and  silver,  we  get  the  following  values  for  carbon : 

•    From  the  acetate C  =  11.959,  =b  .0021 

From  the  tartrate "  =  11.967,  d=  .0019 

From  the  racemate **  =  1 1.973,  =t  0017 

From  the'malate "  =  1 1.972,  ±  .0098 


Now  these  results,  although  remarkably  concordant,  are  by  no  means 
unimpeachable.  They  involve  two  possible  sources  of  constant  error, 
namely,  impurity  of  material  and  the  volatility  of  the  silver.  These 
objections  have  both  been  raised  by  Stas,  who  found  that  the  silver  tar- 
trate, prepared  as  Liebig  and  Redtenbacher  prepared  it,  always  carried 
traces  of  the  nitrate,  and  that  he,  by  the  ignition  of  that  salt,  could  not 
get  results  at  all  agreeing  with  theirs.  In  the  case  of  the  acetate  a  similar 
impurity  would  lower  the  percentage  of  silver,  and  thus  both  sources  of 
error  would  reinforce  each  other  and  make  the  atomic  weight  of  carbon 
come  out  too  high.  With  the  three  other  salts  the  two  sources  of  error 
act  in  opposite  directions,  although  the  volatility  of  the  silver  is  probably 
far  greater  in  its  influence  than  the  impurity.  Even  if  we  had  no  other 
data  relating  to  the  atomic  weight  of  carbon,  it  would  be  clear  from  these 
facts  that  the  results  obtained  by  Liebig  and  Redtenbacher  must  be 
decidedly  in  excess  of  the  true  figure. 

Strecker,  *  however,  discussed  the  data  given  by  Liebig  and  Redten- 
bacher by  the  method  of  least  squares,  using  the  Berzelian  scale,' and 
assuming  H  =  12.51.  Thus  treated,  they  gave  C  =  75.415,  and  Ag  = 
1348.79 ;  or,  with  0  =  16,  C  =  12.066  and  Ag  =  107.903.     These  values 

*Ann.  Chem.  Pharm.,  59,  280.    1846. 
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of  course  would  change  somewhat  upon  adoption  of  the  modern  ratio 
between  0  and  H. 

Observations  upon  silver  acetate,  like  those  of  Liebig  and  Redtenbacher, 
were  also  made  by  Marignac*  The  salt  was  prepared  by  dissolving 
silver  carbonate  in  acetic  acid,  and  repeatedly  recrystallizing.  Two  ex- 
periments gave  as  follows : 

3-3359  g*"™-  acetate  gave  2.1 561  Ag.  64.633  per  cent. 

3.0527  **  1.9727  **  64.621       •* 

Mean,  64.627,  d=  .0040 

Reduced  to  a  vacuum,  this  becomes  64.609. 

In  a  second  series,  conducted  with  special  precautions  to  avoid  me- 
chanical loss  by  spurting,  Marignac  found : 

24.717  grm.  acetate  gave  15.983  Ag.  64.665  per  cent. 

21.202  **  13.709  "  64.661       " 

31.734  "  20.521  **  64.666      " 

Mean,  64.664,  d:  .ooio 
Or,  reduced  to  a  vacuum,  64,646 

Other  experiments,  comparable  with  the  preceding  series,  havQ  recently 
been  published  by  Hardin,  f  who  sought  to  redetermine  the  atomic 
weight  of  silver.  Silver  acetate  and  silver  benzoate,  carefully  purified, 
were  subjected  to  electrolysis  in  a  platinum  dish,  and  the  percentage  of 
silver  so  determined.  For  the  acetate,  using  vacuum  weights,  he  gives 
the  following  data,  the  percentage  column  being  added  by  myself: 

.32470  grm.  acetate  gave  .20987  Ag.  64.635  per  cent. 

.40566  "  .26223  **  64.643  ** 

.52736  *'  .34086  "  64.635  " 

.60300  "  .38976  **  64,637  " 

.67235  "  .43455  "  64.631  " 

.72452  **  .46830  **  64.636  " 

.78232  **  .50563  "  64.632  *' 

.79804  "  .51590  **  64.646  " 

.92101  ^     "  .59532  *'  64.638  ** 

1.02495  **  .66250  •*  64.637  ** 

Mean,  64.637,^1.0011 

Combining  this  series  with  those  of  the  earlier  investigators  we  have : 

Liebig  and  Redtenbacher 64.6065,  db  .0018 

Marignac,  ist  series 64.609,    db  .0040 

Marignac,  2d      **     64.646,    db  .0010 

Hardin 64.637,    dz  .001 1 

General  mean 64.636,    zh  .0007 

♦Ann.  Chem.  Pharm.,  59,  287.    1846. 

t  Journ.  Amer.  Chcm.  ?oc.,  18,  990.    1896. 
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iver  benzoate,  C^H^AgOj,  Hardin's 

results  are  as 

.40858  grm. 

benzoate 

gave.  19255  Ag. 

47.127  per 

.46674 

.21999    '* 

47.133       ' 

.48419 

.22815    *' 

47.120       ' 

.62432 

.29418    " 

47.120       * 

.66496 

.31340   '* 

47.131       ' 

.75853 

.35745    " 

47.124       ' 

.76918       ^ 

.36247    " 

47.124       • 

.81254 

.38286    '* 

47.119       ' 

.95673 

.45079   ** 

47.  "8       * 

1.00840 

.47526   «' 

47.130       * 

75 


cent. 


Mean,  47.125,  ±  .0012 

A  different  method  of  dealing  with  organic  silver  salts  was  adopted 
by  Maumen6  *  in  1846,  for  the  purpose  of  establishing  by  reference  to 
carbon  the  atomic  weight  of  silver.  We  will  simply  reverse  his  results 
and  apply  them  to  the  atomic  weight  of  carbon.  He  effected  the  com- 
bustion of  the  acetate  and  the  oxalate  of  silver,  and,  by  weighing  both 
the  residual  metal  and  the  carbon  dioxide  formed,  he  fixed  the  ratio 
between  these  two  substances.  In  the  case  of  the  acetate  his  weighings 
show  that  for  every  gramme  of  metallic  silver  the  weights  of  00,  were 
produced  which  are  shown  in  the  third  column : 


8.083  grm.  Ag  = 

=   6.585  grm. 

CO,. 

.8147 

II. 215 

9.135 

(( 

.8136 

'4.351 

".6935 

(1 

.8148 

9.036           ** 

7.358 

(i 

.8148 

20.227           ** 

16.475 

<i 

.8145 
Mean,  .81448 

The  oxalate  of  silver,  ignited  by  itself,  decomposes  too  violently  to 
give  good  results ;  and  for  this  reason  it  was  not  used  by  Liebig  and 
Redtenbacher.  Maumen6,  however,  found  that  when  the  salt  was  mix^d 
with  sand  the  combustion  could  be  tranquilly  effected.  The  oxalate 
employed,  however,  with  the  exception  of  the  sample  represented  in  the 
last  experiment  of  the  series,  contained  traces  of  nitrate,  so  that  these 
results  involve  slight  errors.  For  each  gramme  of  silver  the  appended 
weights  of  COj  were  obtained  : 


14.299  grm. 

Ag. 

—  5.835  grm.  COj. 

.4081 

17.754 

7.217 

.4059 

".550 

4.703 

.4072 

10.771 

4.387 

.4073 

8.674 

3.533 

.4073    ' 

11.4355 

4.658         - 

Mean, 

.4073 

.40718 

*Ann.  Chim.  Phys.  (3),  18,  41.    1846. 
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Now,  one  of  these  salts  being  formed  by  a  bivalent  and  the  other  by  a 
univalent  acid,  we  have  to  reduce  both  to  a  common  standard.  Doing 
this,  we  have  the  following  results  for  the  ratio  between  the  atomic 
weight  of  silver  and  the  molecular  weight  of  CO, ;  if  Ag  =  1.00 : 

From  the  acetate CO,  =  .40724,  ±  .000076 

From  the  oxalate "    =.40718,  db  .000185 

General  mean CO,  =  .40723,  ±  .000071 

Here  the  slight  error  due  to  the  impurity  of  the  oxalate  becomes  of 
such  trifling  weight  that  it  practically  vanishes. 

As  has  already  been  said,  the  volatility  of  silver  renders  all  the  fore- 
going results  more  or  less  uncertain.  Far  better  figures  are  furnished  by 
the  combustion  of  carbon  directly,  as  carried  out  by  Dumas  and  Stas  * 
in  1840  and  by  Erdmann  and  Marchand  t  in  1841.  In  both  investiga- 
tions weighed  quantities  of  diamond,  of  natural  graphite,  and  of  artificial 
graphite  were  burned  in  oxygen,  and  the  amount  of  dioxide  produced 
was  estimated  by  the  usual  methods.  The  graphite  employed  was  puri- 
fied with  extreme  care  by  treatment  with  strong  nitric  acid  and  by  fusion 
with  caustic  alkali.  I  have  reduced  all  the  published  weighings  to  a 
common  standard,  so  as  to  show  in  the  third  column  the  amount  of 
oxygen  which  combines  with  a  unit  weight  (say  one  gramme)  of  carbon. 
Taking  Dumas  and  Stas'  results  first  in  order,  we  have  from  natural 

graphite: 

1. 000  grm.  C  gave  3.671  grm.  CO,.  2.6710 

.998           **           3.660         *'  2.6673 

.994           **           3.645         **  2.6670 

'I                                                                   1. 216           "           4.461         "  2.6686 

I.471            •*           5.395         "  2.6676 

Mean,  2.6683,  :i:  -O^oS 

With  artificial  graphite : 

i|  i    i  .992  grm.  C  gave  3.642  grm.  CO,.  2.6714 


1     1 


'I 


.998       **      3.662     **  2.6682 

1.660       "      6.085     "  2.6654 

'.465       **       5-365     *'  2.6744 

Mean,  2.66985,  db  .0313 
And  with  diamond : 

.708  grm.  C  gave  2.598  grm.  CO,.  2.6695 

.864  **  3.1675       *'  2.6661 

1. 219  *•  4.465         "  2.6628 

1.232  "  4.519         "  2.6680 

1.375  *•  5.041  **  2.6662 

Mean,  5.6665  ±  .0007 


♦Compt.  Rend.,  ii,  991-1008.    Ann.  Chim.  Phys.  (3),  i,  i. 
t  Jour,  f  Prakt.  Chem.,  23,  159. 
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Erdmann  and  Marchand's  figures  for  natural  graphite  give  the  follow- 
ing results : 

1.5376  gnn.  gave  5.6367  grm.  COj.       2.6659 
1.6494    '*    6.0384    '*  2.6609 

1-4505    **    5.3'575   **  2.6647 

In  one  experiment  1.8935  grm.  of  artificial  graphite  gave  6.9355  grm. 
COj.  Ratio  for  0,  2.6628.  This,  combined  with  the  foregoing  series, 
gives  a  mean  of  2.6636,  ±  .0007. 

With  the  diamond  they  found : 

,8052  grm.  gave  2.9467  grm.  COj.       2.6596 
.08C8    '*     ^.087?    "  2.66^2 


1.0858 

1.3557 
1.6305 

.7500 


3.9875 
4.9659 
5-97945 
2.7490 


2.6632 
2.6629 
2.6673 
2.6653 

Mean,  2.6637,  ifc  .0009 


In  more  recent  years  the  ratio  under  consideration  has  been  carefully 
redetermined  by  Roscoe,  by  Friedel,  and  by  Van  der  Plaats.  Roscoe* 
made  use  of  transparent  Cape  diamonds,  and  in  a  sixth  experiment  he 
burned  carbonado.  The  combustions  were  eflfected  in  a  platinum  boat, 
contained  in  a  tube  of  glazed  Berlin  porcelain ;  and  in  each  case  the  ash 
was  weighed  and  its  weight  deducted  from  that  of  the  diamond.  The 
results  were  as  follows,  with  the  ratios  stated  as  in  the  preceding  series : 


1.2820  grm.  C  gave  4.7006  CO, 


2.6666 


1. 1254 

4.1245  " 

2.6649 

1.5287 

5.6050  ** 

2.6665 

.7112 

2.6070  ** 

2.6656 

1.3842 

5.0765  " 

2.6675 

.4091 

1.4978  '* 

Mean, 

2.6612 

,  2.6654,  rb  .0006 

FriedePs  work,t  also  upon  Cape  diamond,  was  in  all  essential  par- 
ticulars like  Roscoe's.     The  data,  after  deduction  of  ash,  were  as  follows : 


.4705  grm.  C  gave  1.7208  CO,. 
.8616  "  3.1577    '* 


2.6628 
2.6640 

Mean,  2.6634,  ±  .0004 


By  Van  der  Plaats  J  we  have  six  experiments,  numbers  one  to  three 
on  graphite,  numbers  four  and  five  on  sugar  charcoal,  and  number  six 
on  charcoal  made  from  purified  filter  paper.  Each  variety  of  carbon 
was  submitted  to  elaborate  processes  of  purification,  and  all  weights  were 


•Ann.  Chini.  Phys.  (5),  26,  136.    Zcit.  Anal.  Chcm.,  22,  306.    1883.    Compt.  Rend.,  94,  1180. 
t  Bull.  Soc.  Chim.,  42,  100,    1884. 
X  Compt.  Rend.,  100,  52.    1885. 
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reduced  to  vacuum  standards.     The  data,  with  ash  deducted,  are  sub- 
joined : 

1.  S.1217  gnn.  C  gave  18.7780  CO,.       2.6664 

2.  9.0532     '*     33. '931  "        2.6664 

3.  13.0285  "  47.7661  **  2.6663 

4.  11.7352  "  43.0210  *'  2.6660 
5-  I9.«335  "  70.1336  •'  2.6655 
6.  4.4017  "  16.1352  "  2.6657 

Mean,  2.6660,  4^  .0001 

This  combines  with  the  previous  series  thus : 

Dumas  and  Stas,  first  set 2.6683,  =fc  .0005 

Dumas  and  Stas,  second  set 2.66985,  ±  .0013 

Dumas  and  Stas,  third  set 216665,  ±.0007 

Erdmann  and  Marchand,  first  set 2.6636,  hh  .0007 

Erdmann  and  Marchand,  second  set 2.6637,  rfc  .0009 

Roscoe 2.6654,  ±  .0006 

Fricdel 2.6634,  rt  .0004 

Van  dcr  Plaats 2.6660,  ±:  .0001 

General  mean 2.6659,    rfc  .0001 

Another  very  exact  method  for  determining  the  atomic  weight  of  car- 
bon was  employed  by  Stas*  in  1849.  Carefully  j)urified  carbon  mo- 
noxide was  passed  over  a  known  weight  of  copper  oxide  at  a  red  heat, 
and  both  the  residual  metal  and  the  carbon  dioxide  formed  were  weighed. 
The  weighings  were  reduced  to  a  vacuum  standard,  and  in  each  experi- 
ment a  quantity  of  copper  oxide  was  taken  representing  from  eight  to 
twenty-four  grammes  of  oxygen.  The  method,  as  will  at  once  be  seen, 
is  in  all  essential  features  similar  to  that  usually  employed  for  determin- 
ing the  composition  of  water.  The  figures  in  the  third  column,  deduced 
from  the  weights  given  by  Stas,  represent  the  quantity  of  carbon  mo- 
noxide corresponding  to  one  gramme  of  oxygen : 


9.265  grm.  O- 

=  25.483  CO,. 

1.75046 

8.327 

11 

22.900  ** 

1. 75010 

13.9438 

tt 

38.351  " 

1.75040 

11.6124 

i( 

3«.935  '* 

1.75008 

18.763 

{< 

51.605s  •' 

1.75039 

19.581 

«< 

53.8465  ** 

1.74994 

22.515 

it 

61.926  ** 

1.75043 

24.360 

It 

67.003  ** 

".75053 

Mean,  1.75029,  db  .00005 

For  the  density  of  carbpn  monoxide  the  determinations  made  by 
Leducf  are  available.    The  globe  used  contained  2.9440  grm.  of  air. 


*  Bull.  Acad.  Bruxelles,  1849  (i),  31. 
tCorapt.  Rend.,  115,  107^.    1893. 
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Filled  with  CO,  it  held  the  following  weights,  which  give  the  accom- 
panying densities : 


m,  CO. 
2.8470 
2.8468 
2.8469 


Density. 
.96705 
.96698 
.96702 

Mean,  .96702,  rb  .000015 


Combining  this  density  with  Leduc's  determination  of  the  density  of 
hydrogen,  0.6948,  ±.  .00006745,  it  gives  for  the  atomic  weight  of  carbon : 

C  =  11.957,  rb.0270. 

Leduc  himself  combines  the  data  with  the  density  of  oxygen,  taken  as 
1.10503,  and  finds  C  =  11.913.  In  either  case,  however,  the  probable 
error  of  the  result  is  so  high  that  it  can  carry  little  weight  in  the  final 
combination. 

For  carbon,  including  all  the  foregoing  series,  we  now  have  the  sub- 
joined ratios : 


(I.)  Per  cent.  Ag  in  silver  acetate. 


64.636,  ±.0007 
59.2806,  ±  .0014 
592769,  ±.0012 
62.0016,  =fc  .0096 
47.  "5»    =t.ooi2 


(2.)         "  **  tartrate 

(3.)         **  **  racemate.. 

(4.)         **  **  malate.... 

(5.)         *'  **  benzoate.. . 

(6.)  Ag  :  CO,  :  :  I.oo  :  0.40723,  db  .000071 

(7.)  C  :  O,  :  :  I.OO  :  2.6659,  db  .0001 

(8.)  O  :  CO  :  :  I.OO  :  1. 75029,  ±:  .00005 

(9.)  Density  of  CO  (air  =  i),  0.96702,  ±  .000015 

Now,  computing  with  0  =  15.879,  ±  .0003,  and  Ag  =  107.108,  ±  .0031, 
we  get  nine  values  for  the  atomic  weight  of  carbon,  as  follows : 

From  (1) C=  ".921,  ±  .0012 


From  (2) . 
From  (3). 
From  (4). 
From  (5). 
From  (6). 
From  (7) . 
From  (8) . 
From  (9) . 


=  11.967,  ±.0019 
=  1 1.973,:*=. 001 7 
=  11.972,  ±.0098 
=  II. 917,  ±  .0008 
=  11.860,  d=  .0077 
=  11.913,  db.ooo6 
=  11.914,  ±  .0010 
=  11.957,  ±  .0270 


General  mean C=i  i  .920,  ±  .0004 


If  0  =  16,  this  becomes  C  =  12.011. 
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SULPHUR. 

The  atomic  weight  of  sulphur  has  been  determined  by  means  of  four 
ratios  connecting  it  with  silver,  chlorine,  oxygen,  sodium  and  carbon. 
Other  ratios  have  also  been  considered,  but  they  are  hardly  applicable 
here.  The  earlier  results  of  Berzelius  were  wholly  inaccurate,  and  his 
later  experiments  upon  the  synthesis  of  lead  sulphate  will  be  used  in 
discussing  the  atomic' weight  of  lead.  Erdmann  and  Marchand  deter- 
mined the  amount  of  calcium  sulphate  which  could  be  formed  from  a 
known  weight  of  pure  Iceland  spar;  and  later  they  made  analyses  of 
cinnabar,  in  order  to  fix  the  value  of  sulphur  by  reference  to  calcium  and 
to  mercury.  Their  results  will  be  applied  in  this  discussion  toward  ascer- 
taining the  atomic  weights  of  the  metals  just  named. 

First  in  order  let  us  take  up  the  composition  of  silver  sulphide,  as 
directly  determined  by  Dumas,  Stas,  and  Cooke.  Dumas'*  experiments 
were  made  with  sulphur  which  had  been  thrice  distilled  and  twice  crys- 
tallized from  carbon  disulphide.  A  known  weight  of  silver  was  heated 
in  a  tube  in  the  vapor  of  the  sulphur,  the  excess  of  the  latter  was  distilled 
away  in  a  current  of  carbon  dioxide,  and  the  resulting  silver  sulphide 
was  weighed. 

I  subjoin  Dumas*  weighings,  and  also  the  quantity  of  Ag,S  proportional 
to  100  parts  of  Ag,  as  deduced  from  them : 


9-9393  grm.  Ag  =  1.473    ''^• 

9.962  '*  1.4755  '* 

30.637  "  4.546  " 

30.936  "  4.586  " 

30.720  '*  4.554  " 


Ratio,  114.820 
'*  114.811 
"  114.838 
**  114.824 
"      114.824 

Mean,  114.8234,  lb  .0029 


Dumas  used  from  ten  to  thirty  grammes  of  silver  in  each  experiment. 

Stas,  t  however,  in  his  work  employed  from  sixty  to  two  hundred  and 

fifty  grammes  at  a  time.    Three  of  Stas'  determinations  were  made  by 

Dumas'  method,  while  in  the  other  two  the  sulphur  was  replaced  by  pure 

sulphuretted  hydrogen.     In  all  cases  the  excess  of  sulphur  was  expelled 

by  carbon  dioxide,  purified  with  scrupulous  care.     Impurities  in  the 

dioxide  may  cause  serious  error.     The  five  results  come  out  as  follows 

for  100  parts  of  silver : 

114.854 

114.853 
114.854 
114.851 
114.849 

Mean,  114.8522,  db  .0007 


*Ann.  Chem.  Pharm.,  113,  24.    i860. 
fAronstein's  translation,  p.  179. 


SULPHUR. 


81 


The  experiments  made  by  Professor  Cooke*  with  reference  to  this  ratio 
were  only  incidental  to  his  elaborate  researches  upon  the  atomic  weight 
of  antimony.  They  are  interestin<r,  however,  for  two  reasons :  they  serve 
to  illustrate  the  volatility  of  silver,  and  they  represent,  not  syntheses, 
but  reductions  of  the  sulphide  by  hydrogen.  Cooke  gives  three  series  of 
results.  In  the  first  the  silver  sulphide  was  long  heated  to  full  redness 
in  a  current  of  hydrogen.  Highly  concordant  and  at  the  same  time 
plainly  erroneous  figures  were  obtained,  the  error  being  eventually  traced 
to  the  fact  that  some  of  the  reduced  silver,  although  not  heated  to  its 
melting  point,  was  actually  volatilized  and  lost.  The  second  series,  from 
reductions  at  low  redness,  are  decidedly  better.  In  the  third  series  the 
sulphide  was  fully  reduced  below  a  visible  red  heat.  Rejecting  the  first 
series,  we  have  from  Cooke's  figures  in  the  other  two  the  subjoined  quan- 
tities of  sulphide  corresponding  to  100  parts  of  silver : 

7.5411  grm.  AgjS  lost  .9773  grm.  S.  Ratio,  114.889 

5.0364              "              .6524       *'  •'       114.882 

2.5815              "             .3345       ••  "       114.886 

2.6130              *♦             .3387       '*  *'       114.892 

2.5724              **              .3334       "  "       114.891 

Mean,  114.888,  ±.  .0012 

1. 1357  grm.  AgjS  lost  .1465  S.  Ratio,  1 14.810 

1.2936  "  .1670  *•  "      114.823 

Mean,  114.8165,  ±  .0044 

Now,  combining  all  four  series,  we  get  the  following  results : 

Dumas 1148234,  db  .0029 

Slas 1 14.8522,  zh  .0007 

Cooke's  2d 114.888,    ±.0012 

Cooke's  3(1 .- 114.8165,  ±.  .0044 

General  mean 1 14.8581,  zt  .0006 

Here  again  we  encounter  a  curious  and  instructive  compensation  of 
errors,  and  another  evidence  of  tlie  accuracy  of  Stas. 

The  percentage  of  silver  in  silver  sulphate  has  been  determined  by 
Struve  and  by  Stas.  Struve  t  reduced  the  sulphate  by  heating  in  a  cur- 
rent of  hydrogen,  and  obtained  these  results  : 

5.1860  grm.  Ag,SO^  gave  3.5910  grm.  Ag.  69.244  per  cent. 

6.0543  ♦'  4.1922         •'  69.243 

8.6465  •*  5.9858         '•  69.228       •• 

11.6460  *•  8.0608         "  69.215 

9.1090  "  6.3045         •*  69.212       " 

9.0669  **  6  2778         •'  69.239       •' 

Mean,  69.230,  d^  .004 

•  Proc.  Amcr.  Acad,  of  Arts  of  Sciences,  vol.  I2.    1877. 
t  Ann.  Chera.  Pharm.,  80.  203.     V51. 
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1  Stas,*  working  by  essentially  the  same  method,  with  from  56  to  83 

]v  grammes  of  sulphate  at  a  time,  found  these  percentages : 

i\  '  <»9.200 

•  69.197 

I  69.204 

'  '  69.209 

69.207 
!   i  69.202 


:l 


Mean,  69.203,  +  .0012 

Combining  this  mean  with  that  from  Struve's  series,  we  get  a  general 
mean  of  69.205,  ±  0011. 

The  third  sulphur  ratio  with  which  we  have  now  to  deal  is  one  of 
minor  importance.  When  silver  chloride  is  heated  in  a  current  of  sul- 
phuretted hydrogen  the  sulphide  is  formed.  This  reaction  was  applied 
by  Berzelius  t  to  determining  the  atomic  weight  of  sulphur.  He  gives 
the  results  of  four  experiments ;  but  the  fourth  varies  so  widely  from  the 
others  that  I  have  rejected  it.  I  have  reason  to  believe  that  the  varia- 
tion is  due,  not  to  error  in  experiment,  but  to  error  in  printing ;  never- 
theless, as  I  am  unable  to  track  out  the  cause  of  the  mistake,  I  must 
exclude  the  figures  involving  it  entirely  from  our  discussion. 

The  three  available  experiments,  however,  give  the  following  results : 
The  last  column  contains  the  ratio  of  silver  sulphide  to  100  parts  of 
chloride. 

6.6075  giro.  AgCl  gave  5.715  grm.  Ag,S.  86.478 

9.2323  *'  7-98325       '*  86.471 

,  10.1775  "  8.80075       *•  86.472 

Mean,  86.4737,  dr  .0015 

We  have  also  a  single  determination  of  this  value  by  Svanberg  and 
Struvct  After  converting  the  chloride  into  sulphide  they  dissolved  the 
latter  in  nitric  acid.  A  trifling  residue  of  chloride,  which  had  been 
enclosed  in  sulphide,  and  so  protected  against  change,  was  left  undis- 
solved. Hence  a  slight  constant  error  probably  afiFects  this  whole  ratio. 
The  experiment  of  Svanberg  and  Struve  gave  86.472  per  cent,  of  silver 
sulphide  derived  from  100  of  chloride.  If  we  assign  this  figure  equal 
weight  with  the  results  of  Berzelius,  and  combine,  we  get  a  general  mean 
of  86.4733,  ±  .0011. 

The  work  done  by  Richards  §  relative  to  the  atomic  weight  of  sulphur 
is  of  a  different  order  from  any  of  the  preceding  determinations.  Sodium 
carbonate  was  converted  into  sodium  sulphate,  fixing  the  ratio  Na,CO, : 
Na,S04 :  :  100 :  x.    The  data  are  as  follows,  with  vacuum  weights : 

*  Aronstein*8  translation,  pp.  2x4-2x8. 

t  Berxelius*  Lehrbuch,  sth  ed.,  vol.  3,  p.  X187. 

X  Journ.  Prakt.  Chein.,  44,  320.    1848. 

I  Proc.  Amer.  Acad.,  26,  268.    1891. 
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Na^COy  Na^SO^.  Ratio, 

1.29930  1.74113  134.005 

3.18620  4.26790  133.950 

1.01750  1.36330  133-985 

2.07680  2.78260  133.985 

1.22427  1.63994  133-952 

1.77953  2.3«465  134.005 

2.04412  2.73920                     '  134.004 

3.06140  4.10220  133-997 

Mean,  133.985,  ±  .0055 
The  available  ratios  for  sulphur  are  now  as  follows : 

(1.)  Ag,  :  Ag,S  :  :  100  :  114.8581,  dr  .0006 
(2.)  Per  cent.  Ag  in  Ag^SO^,  69.205,  ±  .0011 
(3.)  2  AgCl  :  Ag,S  :  :  100  :  86.4733,  ±  .001 1 
(4.)  Na,CO,  :  Na,SO,  :  :  100  :  133.985,  ±  -0055 

From  these  ratios,  four  values  for  the  atomic  weight  of  sulphur  are 
deducible.    Calculating  with — 

O  =  15.879,  db  .0003 
Ag     =107.108,^1.0031 

Cl  =  35-179,  ±:  -0048 
Na  =  22. 88 r,  lb  .0046 
C  =  11.920,^.0004 
AgCr=  142.287,  ±  .0037, 

we  have : 

From  (I) S  =31.828,  rb  .0016 

From  (2) **  =  31.806,  d:  .004*8 

From  (3) •♦  =  31.864,  ±.0086 

From  (4) **  =  31-835,  ±-0191 

General  mean S  =  51.828,  ±  .0015 

If  0  =  16,  S  =  32.070.  From  Stas'  ratios  alone,  Stas  found  32.074; 
Ostwald,  32.0626 ;  Van  der  Plaats,  (A)  32.0576,  (B)  32.0590,  and  Thom- 
»en,  32.0606.    Here  again  Stas'  determinations  far  outweigh  all  others. 
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LITHIUM. 

The  earlier  determinations  of  the  atomic  weight  of  lithium  by  Arfved- 
son,  Stromeyer,  C.  G.  Gmelin,  and  Kralovanzky  were  all  erroneous, 
because  of  the  presence  of  sodium  compounds  in  the  material  employed. 
The  results  of  Berzelius,  Hagen,  and  Hermann  were  also  incorrect,  and 
need  no  further  notice  here.  The  only  investigations  which  we  need  to 
consider  are  those  of  Mallet,  Diehl,  Troost,  Stas,  and  Dittmar. 

Mallet's  experiments  *  were  conducted  upon  lithium  chloride,  which 
had  been  purified  as  completely  as  possible.  In  two  trials  the  chloride 
was  precipitated  by  nitrate  of  silver,  which  was  collected  upon  a  filter 
and  estimated  in  the  ordinary  way.  The  figures  in  the  third  column 
represent  the  LiCl  proportional  to  100  parts  of  AgCl : 

7.1885  grm.  LiCl  gave  24.3086  grm.  AgCl.  29.606 

8.5947  '*  29.0621  "  29.574 

In  a  third  experiment  the  LiCl  was  titrated  with  a  standard  solution 
of  silver.  3.9942  grm.  LiCl  balanced  10.1702  gnu.  Ag,  equivalent  to 
13.511  gnn.  AgCl.  Hence  100  AgCl  =  29.663  LiCl.  Mean  of  all  three 
experiments,  29.581,  ±  .0087. 

Diehl.t  whose  ])aper  begins  with  a  good  resum^  of  all  the  earlier 
determinations,  describes  experiments  made  with  lithium  carbonate. 
This  salt,  which  was  spectroscopically  pure,  was  dried  at  130®  before 
weighing.  It  was  then  placed  in  an  apparatus  from  which  the  carbon 
dioxide  generated  by  the  action  of  pure  sulphuric  acid  upon  it  could  be 
expelled,  and  the  loss  of  weight  determined.  From  this  l^ss  the  follow- 
ing percentages  of  CO^  in  Li,COj  were  determined : 

59.422 
59.404 
59.440 
59.401 


Mean,  59417,  zh  ,006 

Diehl's  investigation  was  quickly  followed  by  a  confirmation  from 
Troost.J  This  chemist,  in  an  earlier  paper,§  had  sought  to  fix  the  atomic 
weight  of  lithium  by  an  analysis  of  the  sulphate,  and  had  found  a  value 
not  far  from  6.5,  thus  confirming  the  results  of  Berzelius  and  of  Hagen, 
who  had  employed  the  same  method.  But  Diehl  showed  that  the  BaSO^ 
precipitated  from  Li^SO^  always  retiiined  traces  of  Li,  which  were  recog- 

*Sillimaii*s  Amer.  Journal,  November.  1856.    Chem.  Gazette,  15,  7. 

t  Ann.  Chem.  Pharm.,  121,  93. 

X  Zeit.  Anal.  Chem.,  i,  402. 

I  Annales  d.  Chim.  et  d.  Phys.,  51,  108. 
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nizable  by  spectral  analysis,  and  which  accounted  for  the  error.  In  the 
later  paper  Troost  made  use  of  the  chloride  and  the  carbonate  of  lithium, 
both  spectroscopically  pure.  The  carbonate  was  strongly  ignited  with 
pure  quartz  powder,  thus  losing  carbon  dioxide,  which  loss  was  easily 
estimated.    The  subjoined  results  were  obtained : 


.970  grm.  LijCOj  lost   .577  grm.  COj. 
1.782  •'  1.059         •' 


59.485  per  cent. 
59.427       '« 


Mean,  59.456,  ±  .020 


The  lithium  chloride  employed  by  Troost  was  heated  in  a  stream  of 
dry  hydrochloric  acid  gas,  of  which  the  excess,  after  cooling,  was  ex- 
pelled by  a  current  of  dry  air.  The  salt  was  weighed  in  the  same  tube 
in  which  the  foregoing  operations  had  been  performed,  and  the  chlorine 
was  then  estimated  as  silver  chloride.  The  usual  ratio  between  LiCl 
and  100  parts  of  AgCl  is  given  in  the  third  column : 


1.309  grm.  LiCl  gave  4.420  grm.  AgCl. 
2.750  *'  9.300         '* 


29615 
29-570 

Mean,  29.5925,  dz  .0145 


I'his.  combined  with  Mallet's  mean,  29.581,  ±  .0087,  gives  a  general 
mean  of  59.584,  ±  .0075. 

Next  in  order  is  the  work  of  Stas,*  which  was  executed  with  his  usual 
wonderful  accuracy.  In  three  titrations,  in  which  all  the  weights  were 
reduced  to  a  vacuum  standard,  the  following  quantities  of  LiCl  balanced 
100  parts  of  pure  silver : 

39.356 
39.357 
39.361 


Mean,  39.358,  ±  .001 

In  a  second  series  of  experiments,  intended  for  determining  the  atomic 
weight  of  nitrogen,  LiCl  was  converted  into  LiNO,.  The  method  was 
that  employed  for  a  similar  purpose  with  the  chlorides  of  sodium  and 
of  potassium.    One  hundred  parts  of  LiCl  gave  of  LiNO,: 

162.58$ 
162.600 
162.598 

Mean,  162.5953,  ±  .0025 

The  determinations  of  Dittmarf  resemble  those  of  Diehl;  but  the 
lithium  carbonate  used  was  dehydrated  by  fusion  in  an  atmosphere  of 
carbon  dioxide.    The  carbonate  was  treated  with  sulphuric  acid,  and 

*  Aronstein's  translation.  279-302. 

t  Trans.  Roy.  Soc.  Edinburgh,  35,  II,  429.     1889. 
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the  CO,  was  collected  and  weighed  in  an  absorption  apparatus,  which 
was  tared  by  a  similar  apparatus  after  the  method  of  Regnault.  The 
following  percentages  of  CO,  in  Li,CO,  were  found : 

59.601 

59.645 
59.S29^rejcctcd. 

59.655 
59.683 
59.604 

59.517 

59.663 

60. 143— rejected. 

59.794 

59-584 

Mean  of  all,  59.674 

Rejecting  the  two  experiments  which  Dittmar  regards  as  untrust- 
worthy, the  mean  of  the  remaining  nine  becomes  59.638,  ±  .0173.  This 
combines  with  the  work  of  Diehl  and  Troost,  as  follows  : 

Diehl 59.417,  ±  .0060 

Troost '. 59.456,  dr  .0200 

Dittmar 59.638,  rb  .0173 

General  mean 59*442,  db  .0054 


Dittmar's  determinations  give  a  much  lower  value  for  the  atomic 
weight  of  lithium  than  any  of  the  others,  and  therefore  seem  to  be  ques- 
tionable. As,  however,  they  carry  little  weight  in  the  general  combina- 
tion, it  is  not  necessary  to  speculate  upon  their  possible  sources  of  error. 

The  ratios  for  lithium  are  now  as  follows : 

(l.)  AgCl  :  LiCl  :  :  100  :  29.584,  ±  .0075 
(2.)  Ag  :  LiCl  :  :  100  :  39.358,  ±  .oor. 
-i)i^.  (3.)  LiCl  :  LiNO,  :  :  100  :  162.5953,  dt  ,0025 

(4.)  Per  cent,  of  CO,  in  Li,CO„  59.442,  i  .0054 

And  the  data  to  use  in  their  reduction  are — 

O  =   15.879,  :t. 0003  N      =   13.935.  =t  0015 

Ag=  107.108,  ±  .0031  C   =  11.920,  ±  .0004 

CI  =  35.«79,  ±  -0048         AgCl  =  142.287,  ±  .0037 

These  ftictors  give  two  values  for  the  molecular  weight  of  lithium 
chloride,  thus : 

From  (i) LiCl  =  42.0942,  4^  .01 10 

From  (2) ••     =42.1556,^.0016 

General  mean LiCl  =  42. 1542,  dti  .0016 
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For  lithium  itself  there  are  three  values  : 

From  molecular  weight  LiCl Li  =  6.9752,  ±  .0051 

From  (3) **  =6.9855,  zh  .0129 

From  (4) ••  =  6.9628,  db  .0077 

General  mean Li  =  6.9729,  ±  .0040 

If  0  =  16,  Li  =  7.026.  From  Stas'  ratios,  Stas  found  Li  =  7.022 ;  Ost- 
wald,  7.0303;  Van  der  Plaats  (A),  7.0273;  (B),  7.0235;  and  Thomsen, 
7.0307. 


RUBIDIUM. 

The  atomic  weight  of  rubidium  has  been  determined  by  Bunsen,  Pic- 
card,  Godeffroy,  and  Heycock  from  analyses  of  the  chloride  and  bromide. 

Bunsen,*  employing  ordinary  gravimetric  methods,  estimated  the  ratio 
between  AgCl  and  RbCl.  His  rubidium  chloride  was  purified  by  frac- 
tional crystallization  of  the  chloroplatinate.  He  obtained  the  following 
results,  to  which,  in  a  third  column,  I  add  the  ratio  between  RbCl  and 
100  parts  of  AgCl : 


One  grm.  RbCl  gave  1. 1873  g^"™-  AgCl. 
1.1873 
"  I. 1850 

•*  1. 1880         *• 


84.225 
84.225 
84.388 
84.175 

Mean,  84.253,  dt  .031 


The  work  of  Piccardt  was  similar  to  that  of  Bunsen.  In  weighing, 
the  crucible  containing  the  silver  chloride  was  balanced  by  a  precisely 
similar  crucible,  in  order  to  avoid  the  correction  for  displacement  of  air. 
The  filter  was  burned  separately  from  the  AgCl,  as  usual ;  but  the  small 
amount  of  material  adhering  to  the  ash  was  reckoned  as  metallic  silver. 
The  rubidium  chloride  was  purified  by  Bunsen's  method.  The  results, 
expressed  according  to  the  foregoing  standard,  are  as  follows : 


M587  grm.  RbCl=  1.372  AgCl  -|-  .0019  Ag. 
1.4055  *'  1.6632    '*  .0030   *' 

i.ooi  "  1. 1850    *'  .0024   *• 

1.5141  "  '.7934    "  .0018    " 


84.300 

84-303 
84.245 

84.313 
Mean,  84.290,  db  .0105 


Godeffroy,!  starting  with   material  containing  both  rubidium  and 

•Zcit.  Anal.  Chem.,  1,  136.    Poggend.  Annal..  113.  339.     1861. 

t  Journ.  ffir  Prakt.  Chem.,  86,  454.    1862.    Zcit.  Anal.  Chem.,  i,  518. 

J  Ann.  Chem.  Pharm.,  181,  185.     1876. 
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caesium,  separated  the  two  metals  by  fractional  crystallization  of  their 
alums,  and  obtained  salts  of  each  spectroscopically  pure.  The  nitric 
acid  employed  was  tested  for  chlorine  and  found  to  be  free  from  that 
impurity,  and  the  weights  used  were  especially  verified.  In  two  of  his 
analyses  of  RbCl  the  AgCl  was  handled  by  the  ordinary  process  of  filtra- 
tion. In  the  other  two  it  was  washed  by  decantation,  dried,  and  weighed 
in  a  glass  dish.     The  usual  ratio  is  appended  in  the  third  column  : 

1.4055  grm.  RbCl  gave  1.6665  g»""^»  AgCl.  84.338 

1.8096  *•  2.1461         "  84320 

2.2473  "  2.665  "  84.326 

2.273  *'  2.6946         *'  84.354 

Mean,  84.3345,  ib.0051 

Combining  the  three  series,  we  get  the  following  result : 

Bunsen 84.253,    ±.031         Rb  =  84.702 

Piccard 84.290,    ±.0105        **   =84.754 

Godeffroy 84.3345,41.0051        "   =84.817 

General  mean 84.324,    d=  .0045 

Heycock*  worked  by  two  methods,  but  unfortunately  his  results  are 
given  only  in  abstract,  without  details.  First,  silver  solution  was  added 
in  slight  deficiency  to  a  solution  of  rubidium  chloride,  and  the  excess 
of  the  latter  was  measured  by  titration.  The  mean  of  seven  experiments 
gave — 

Ag  :  RbCl  :  :  107.93  =  ' 20.801 

Hence  Rb  =  84.702. 

Two  similar  experiments  with  the  bromide  gave — 

Ag  :  RbBr  :  :  107.93  :  165.437 
Ag  :  RbBr  :  :  107.93  •  165.342 

Mean,  165.3895,  dr  .0320 

There  are  now  three  ratios  for  the  metal  rubidium,  as  follows : 

(1.)  AgCl  :  RbCl  :  :  100 :  84.324,  dr  .0045  ' 

(2.)  Ag  :  RbCl  :  :  107.9?  :  120.S01 

(3.)  Ag  :  RbBr  :  :  107.93  •  » 65. 3895,  ±  .0320 

To  reduce  these  ratios  we  have — 

Ag  =  107.108,  dr  .0031 
Br  =  79.344,  dz  .0062 
CI  =  3S-»79,  d=  .0048 
AgCl  =  142.287,  zb  .0037 

*  British  Association  Report,  1^2,  p.  499. 
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For  the  molecular  weight  of  RbCl,  two  values  are  calculable : 

From  (i) RbCl  =  1 19.981,  rt  .0109 

From  (2) "     =119.881,  ±.0218 

General  mean RbCl  =  1 19.961,  ±  .0097 

To  the  value  from  ratio  (2)  I  have  arbitrarily  assigned  a  weight  rep- 
resented by  the  probable  error  as  written  above.  The  data  for  system- 
atic weighting  are  deficient,  and  no  other  course  of  procedure  seemed 
advisable. 

From  RbCl Rb  =  84.782,  d=  .0109 

From  RbBr,  ratio  (3) "   =r  84.786,  rfc  .0329 

General  mean Rb  =  84.783,  ±  .0103 

If  0  =  16,  Rb  =  85.429. 


CiESIUM. 

The  atomic  weight  of  caesium,  like  that  of  rubidium,  has  been  deter- 
mined from  the  analysis  of  the  chloride.  The  earliest  determination, 
by  Bunsen,*  was  incorrect,  because  of  impurity  in  the  material  employed. 

In  1863  Johnson  and  Allen  published  their  results.f  Their  material 
was  extracted  from  the  lepidolite  of  Hebron,  Maine,  and  the  CEesium  was 
separated  from  the  rubidium  as  bitartrate.  From  the  ])ure  caesium 
bitartrate  C£esium  chloride  was  prepared,  and  in  this  the  chlorine  was 
estimated  as  silver  chloride  by  the  usual  gravimetric  method.  Reducing 
their  results  to  the  convenient  standard  adopted  in  preceding  chapters, 
we  have,  in  a  third  column,  the  quantities  of  CsCl  equivalent  to  100 
parts  of  AgCl : 


1-8371  grm.  CsCl  gave  1. 5634  grm.  AgCl. 
2.1295  «*  1.8111 

2.7018  **  2.2992  *' 

1. 56165  •*  1.3302  " 


117.507 
117.580 
117.511 
"7.399 

Mean,  Ii7.499i  ±.025 


Shortly  after  the  results  of  Johnson  and  Allen  appeared  a  new  series 
of  estimations  was  published  by  Bunsen.  J  His  ca>sium  chloride  was 
purified  by  repeated  crystallizations  of  the  chloroplatinate,  and  the  ordi- 

•Zcit.  Anal.  Chem.,  i,  137. 

t  Amcr.  Journ.  Sci.  and  Arts  (2),  35,  94. 

\  Poggend.  Annalen,  119,  i.    1S63. 
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nary  gravimetric  process  was  employed.    The  following  results  represent, 
respectively,  material  thrice,  four  times,  and  five  times  purified : 

1.3835  grm.  CsCl  gave  I.1781  grm.  AgCl.      Ratio,  117.435 
1.3682  **  1. 1644  •*  *♦      117.503 

1.2478  "  1.0623  *•  "      117.462 

Mean,  117.467,  ±.013 

Godeff*roy's  work*  was,  in  its  details  of  manipulation,  sufliciently 
described  under  rubidium.  In  three  of  the  experiments  upon  csesium 
the  silver  chloride  was  washed  by  decantation,  and  in  one  it  was  col- 
lected upon  a  filter.     The  results  are  subjoined  : 

1.5825  grm.  CsCl  gave  1.35 1    grm.  AgCl.  Ratio,  1 17. 135 

1.3487              **              1.1501        **  '*      117.265 

1.1880              "              1.0141         **  **      117.148 

1.2309              *•              1.051          ••  *•      117. 107 

Mean,  117.164,  ifc  .023 
We  may  now  combine  the  three  series  to  form  a  general  mean  : 

Johnson  and  Allen  ....   1 17.499,  rb  .025         Cs  =  132.007 

Bunsen 117.467,  ±  .013         "=131.961 

Godcffroy 117.164,^.023         **=  131.560 


General  mean. . .   1 17.413,  ±  .010 

Hence,  if  AgCl  =  142.287,  ±  .0337,  and  CI  =  35.179,  ±  .0048,  Cs 
131.885,  ±  .0142. 
If  0=16,  C3  =  132.890. 

*  Ann.  Chem.  Pharm.,  181,  185.    1876. 
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COPPER. 

The  atomic  weight  of  copper  has  been  chiefly  deteiinined  by  means  of 
the  oxide,  the  sulphate,  and  the  bromide,  and  by  direct  comparison  of 
the  metal  with  silver. 

In  dealing  with  the  first-named  compound  all  experimenters  have 
agreed  in  reducing  it  with  a  current  of  hydrogen,  and  weighing  the 
metal  thus  set  free. 

The  earliest  experiments  of  any  value  were  those  of  Berzelius  *  whose 
results  were  as  follows : 

7.68075  grm.  CuO  lost  r.55   grm.  O.         79.820  per  cent.  Cu  in  CuO. 
9.6115  *'  1.939      *•  79.826         "  •* 

Mean,  79.823,  ±  .002 

Erdmann  and  ^Iarchand,t  who  come  next  in  chronological  order, 
corrected  their  results  for  weighing  in  air.  Their  weighings,  thus  cor- 
rected, give  U3  the  subjoined  percentages  of  metal  in  CuO : 


63.8962  grm.  CuO  gave  51.0391  grm.  Cu. 
65.1590  '*  52.0363 

60.2878  *•  48.1540        •• 

46.2700  ••  36.9449        " 


79.878  per  cent. 
79.860       " 

79.874       " 
79.846       " 


Mean,  79.8645,  ±  .0038 


Still  later  we  find  a  few  analyses  by  Millon  and  Commaille.  X  These 
chemists  not  only  reduced  the  oxide  by  hydrogen,  but  they  also  weighed, 
in  addition  to  the  metallic  copper,  the  water  formed  in  the  experiments. 
In  three  determinations  the  results  were  as  follows  : 


6.7145  grm,  CuO  gave  5.3565  grm.  Cu  and  1.5325  grm.  H^O. 
3.3945  *'  2.7085  "  .7680 

2.7880  "  2.2240  ** 


79.775  per  cent. 

79.791       *• 
79.770      «* 


Mean,  79- 7787,  ±^  .0043 

For  the  third  of  these  analyses  the  water  estimation  was  not  made, 
but  for  the  other  two  it  yielded  results  which,  in  the  mean,  would  make 
the  atomic  weight  of  copper  62.680.  This  figure  has  so  high  a  probable 
error  that  we  need  not  consider  it  further. 

The  results  obtained  by  Dumas  §  are  wholly  unavailable.  Indeed,  he 
does  not  even  publish  them  in  detail.  He  merely  says  that  he  reduced 
copper  oxide,  and  also  effected  the  synthesis  of  th^  subsulphide,  but  with- 
out getting  figures  which  were  wholly  concordant.     He  puts  Cu  =  63.5. 

*  Poggend.  Annal.,  8,  177.    1826. 
t  Journ.  fQr  Prakt.  Chcm.,  31,  380.    1844. 
I  Fresenius'  Zeitschrift,  2,  475.     1863. 
g  Ann.  Chim.  et  Phys.  (3),  55,  129.    1859. 
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In  1873  Hampe*  published  his  careful  determinations,  which  were 
for  many  years  ahnost  unqualifiedly  accepted.  First,  he  attempted  to 
estimate  the  atomic  weight  of  copper  by  the  quantity  of  silver  which 
the  pure  metal  could  precipitate  from  its  solutions.  This  attempt  failed 
to  give  satisfactory  results,  and  he  fell  back  upon  the  old  method  of 
reducing  the  oxide.  From  ten  to  twenty  grammes  of  material  were 
taken  in  each  experiment,  and  the  weights  were  reduced  to  a  vacuum 
standard : 


20.3260  grm.  CuO  gave  16.2279  g"".  ^u. 
20.68851  *'  16.51669       •• 

10.10793  "  8.06926       " 


79.838  per  cent. 
79.835       *• 
79.831       " 


Mean,  79-8347,  =t  .0013 

Hampe  also  determined  the  quantity  of  copper  in  the  anhydrous  sul- 
phate, CuSO^.  From  40  to  45  grammes  of  the  salt  were  taken  at  a  time, 
the  metal  ^vas  thrown  down  by  electrolysis,  and  the  weights  were  all 
corrected.    J  subjoin  the  results  : 


40.40300  grm.  CuSO^  gave  16.04958  grm.  Cu. 
44.64280  "  17.73466        •* 


39.724  per  cent. 
39.726       *' 


Mean,  39.725,  ±:  .0007 

The  last  series  of  data  gives  Cu  =62.839,  ±  .003.5,  and  is  interesting 
for  comparison  with  results  obtained  by  Richards  later. 

In  all  of  the  foregoing  experiments  with  copper  oxide,  that  com jiound 
was  obtained  by  ignition  of  the  basic  nitrate.  But,  as  was  shown  in  the 
chapter  upon  oxygen,  copper  oxide  so  prepared  always  carries  occluded 
gases,  which  are  not  wholly  expelled  by  heat.  This  point  was  thoroughly 
worked  up  by  Richards  t  in  his  fourth  memoir  upon  the  atomic  weight 
of  copper,  and  it  vitiates  all  the  determinations  previously  made  by  this 
method. 

By  a  series  of  experiments  with  copper  oxide  ignited  at  varying  tem- 
])eratures,  and  with  different  degrees  of  heat  during  the  process  of  reduc- 
tion, Richards  obtained  values  for  Cu  ranging  from  63.20  to  63.62,  when 
0  =  16.  In  two  cases  selected  from  this  series  he  measured  the  amount 
of  gaseous  impurity,  and  corrected  the  results  previously  obtained.  The 
results  were  as  follows,  with  vacuum  standards : 


1.06253  grm 

1. 91656 


CuO  gave.    .84831  grm.  Cu. 
1.5298 


79.802  per  cent. 
79.820       ** 

Mean,  79.811,  d=  .0061 


Correcting  for  the  occluded  gases  in  the  oxide,  the  sum  of  the  two 
experiments  gives  79.901  per  cent,  of  copper,  whence  Cu  =  63.605.    Three 


•  Freseuius'  Zeitschrift,  13,  352. 
tProc.  Araer.  Acad.,  26,  276.    1891. 
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other  indirect  results,  similarly  corrected,  gave  79.900  per  cent.  Cu  in 
CuO,  or  Cu  =  63.603.  If  we  assign  all  five  experiments  equal  weight, 
and  judge  their  value  by  the  two  detailed  above,  the  mean  percentage 
becomes  79.900,  ±:  .0038.  This  figure  need  not  be  combined  with  the 
data  given  by  previous  observers,  so  far  as  practical  purposes  are  con- 
cerned ;  but  as  this  work  is,  in  part  at  least,  a  study  of  the  compensation 
of  errors,  it  may  not  be  wasted  time  to  effect  the  combination,  as  follows : 

Berzelius 79-823,    db  .0020 

Erdmann  and  Marchand 79.8645,  ±  .0038 

Millon  and  Commaille 79-7787,  zt  .0043 

Hampc 79-8347,  :i= -0013 

Richards 79.9^>o,    dr  .0038 

General  mean 79.8355,  db  .0010 

This  result  is  practically  identical  with  that  of  Hampe,  whose  work 
receives  excessive  weight,  as  does  also  that  of  Berzelius.  The  oxide  of 
copper  is  evidently  of  doubtful  value  in  the  measurement  of  this  atomic 
weight. 

The  composition  of  the  sulphate  has  been  studied,  not  only  by  Hampe, 
but  also  by  Baubigny  *  and  by  Richards.f  Baubigny  merely  ignited 
the  anhydrous  salt,  weighing  both  it  and  the  residual  oxide,  as  follows : 

4.022  gnn.  CuSO^  gave  2.0035  CuO.  49.813  per  cent. 

2.596  '*  1.293      "  49.807       '* 

Mean,  49.810,  d=  .002 

The  same  ratio,  in  reverse — that  is,  the  synthesis  of  the  sulphate  from 
the  oxide — was  investigated  by  Richards  (p.  27-5),  who  shows  that  the 
results  obtained  are  vitiated  by  the  same  errors  which  aff'ect  the  copper 
oxide  experiments  previously  cited.  The  weights  given  are  reduced  to 
vacuum  standards.  The  percentage  of  oxide  in  the  sulphate  is  stated  in 
the  third  column  of  figures. 

1.0084  grm.  CuO  gave  2.0235  C*""™-  CuSO^.  49835  per  cent. 

2.7292  "  5-4770  "  49.830       '* 

1. 0144  *'  2.0350  *•  49.848       " 

Mean,  49.838,  ±  .0036 
The  two  series  combine  thus : 

Baubigny 49.810,  dr  .0020 

Richards.. 49.838,  dr  .0036 

General  mean 49.816,  dr  .0017 

Here,  plainly,  the  rigorous  discussion  gives  Baubigny's  work  weight 
in  excess  of  its  merits. 

♦  Compt.  Rend.,  97,  906.     1883. 
tProc.  Amer.  Acad.,  26,  240.     1891. 
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In  the  memoir  by  Richards  now  under  consideration,  his  fourth  upon 
copper,  the  greater  part  of  his  attention  is  devoted  to  the  sulphate, 
Hampe  being  followed  closely  in  order  to  ascertain  what  sources  of 
error  aflTected  the  work  of  the  latter.  Crystallized  sulphate,  CuSO^-SHjO 
was  purified  with  every  precaution  and  made  the  basis  of  operations. 
Three  series  of  experiments  were  carried  out,  the  water  being  determined 
by  loss  of  weight  upon  heating,  and  the  copper  being  estimated  electro- 
lytically.  In  the  first  series  the  following  data  were  found,  the  weights 
being  reduced  to  a  vacuum,  as  in  all  of  Richards^  determinations : 


CuSO,.  s  «^- 

CuSO^  at  250''. 

Cu. 

2.8815 

.7337 

2.7152 

.69(1 

3.4639 

2.2184 

.8817 

percentages. 

Water  at  2ScP, 

Cu  in  Cryst.  Salt. 
25.462 
25.452 

Cu  in  CuSO^. 

35.95« 

25.454 

39.745 

Mean,  25.456 

In  the  second  series  of  analyses,  which  are  stated  with  much  detail, 
several  refinements  were  introduced,  in  order  to  estimate  also  the  sul- 
phuric acid.  These  will  be  considered  later.  The  results,  given  below, 
are  numbered  consecutively  with  the  former  series. 

CuSO^.  s  ag. 

4  3.06006 

5 2.81840 

6 7.50490 

Hence  percentages  as  follows : 

Water,  260''.    Water,  360"".  Cu  in  Cryst.  Salt.  Cu  in  CuSO^,  260''.  Ditto,  s6o.° 

4 35.959  36.068  25.452  39.744  39.811 

5 35.964  25.454  39.750  

6 35-957  36.065  25.446  39.733 


CuSO,  at  260"". 

CuSO.atjSo^. 

Cu. 

1.9597 

1.95637 

.77886 

1.8048 

.71740 

4.8064 

4.79826 

1.90973 

Mean,  35.960 


36.067 


25.450 


39.742 


39.799 
39.805 


Hampe  worked  with  a  sulphate  dried  at  250^,  but  these  data  show  that 
a  little  water  is  retained  at  that  temperature,  and  consequently  that  his 
results  must  have  been  too  low.  The  third  of  Richards'  series  resembles 
the  second,  but  extra  precautions  were  taken  to  avoid  conceivable  errors. 

CuSO^,  5  aq. 

7 2.88307 

8 3.62913 

9 5.81352 


CuSO,  at  2M'. 

CuSO^atjycP. 

Cu. 

2.32373 

3.71680 

.73380 

.92344 
1.47926 
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And  the  i>ercentages  are : 

Water  at  260"".    At  370"*,     Cu  in  Ctyst.  Sait,     Cu  in  CuSO^. 

7 25.452  

8 35.970  25.446  39-74o(26o») 

9 36.067  25.445  39.799(370*') 

25.448 

In  this  series  the  determinations  of  sulphuric  acid  gave  essentially  the 
same  results  for  all  three  samples  of  sulphate,  although  one  was  not 
dehydrated,  and  the  others  were  heated  to  260®  and  370®  respectively. 
Hence  the  loss  of  weight  in  dehydration  at  either  temperature  represents 
water  only,  and  does  not  involve  partial  decomposition  of  the  sulphate. 
Between  360®  and  400®  copper  sulphate  is  at  essentially  constant  weight, 
but  further  experiments  indicated  that  even  at  400®  it  retained  traces  of 
water,  and  possibly  as  much  as  .042  per  cent.  The  last  trace  is  not  ex- 
pelled until  the  salt  itself  begins  to  decompose. 

Richards  also  effected  two  syntheses  of  the  sulphate  directly  from  the 
metal  by  dissolving  the  latter  in  nitric  acid,  then  evaporating  to  dryness 
with  sulphuric  acid,  and  heating  to  constant  weight  at  400®. 

.67720  gnn.  Cu  gave  1.7021  grm.  CUSO4.  39-786  per  cent.  Cu. 

1.00613  **  2.5292  *'  39.781  " 

If  we  include  these  percentages  in  a  series  with  the  data  from  analyses 
4,  6,  and  9,  which  gave  percentages  of  39.811, 39.799,  and  39.799  respect- 
ively of  copper  in  sulphate  dried  at  360®  and  upwards,  the  mean  becomes 

CUSO4  :  Cu  :  :  100  :  39.795,  ±  0036 

Since  even  this  result  is  presumably  too  low,  the  other  figures  from 
sulphate  dried  at  250®  must  be  rejected.  Since  Hampers  work  on  the 
sulphate  is  affected  by  the  same  sources  of  error,  and  apparently  to  a 
still  greater  extent,  jt  need  not  be  considered  farther.  As  for  Richards' 
nine  determinations  of  Cu  in  CuSO^.SHjO,  we  may  take  them  as  one 
series  giving  a  mean  percentage  of  25.451,  ±  .0011.  This  salt  seems  to 
retain  occluded  water,  for  the  percentage  of  copper  in  it  leads  to  a  value 
for  the  atomic  weight  which  is  inconsistent  with  the  best  evidence,  as 
will  be  seen  later. 

In  the  second  and  third  series  of  Richards'  experiments  upon  copper 
sulphate,  the  sulphuric  acid  was  estimated  by  a  method  which  gave 
valuable  results.  After  the  copper  had  been  electroly  tically  precipitated, 
the  acid  which  was  set  free  was  nearly  neutralized  by  a  weighed  amount 
of  pure  sodium  carbonate,  and  the  slight  excess  remaining  was  deter- 
mined by  titration.  Thus  the  weight  of  sodium  carbonate  equivalent  to 
the  copper  .was  ascertained.  The  resulting  solution  of  sodium  sulphate 
was  then  evaporated  to  dryness,  and  a  new  ratio,  connecting  that  salt 
with  copper,  was  also  determined.    The  cross  ratio  Na,CO, :  Na^SO^  has 
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already  been  utilized  in  a  previous  chapter.    The  results,  ignoring  the 

weights  of  hydrated  copper  sulphate,  are  as  follows,  with  the  experiments 
numbered  as  before : 

Cu.                Na^CO^.  Na^O^ 

4 77886       1.2993  1. 7411 

6 1.90973       3.^862  4.2679 

7 73380       1.22427  1.63994 

8 92344       1.54075       

9 1.47926       3.30658 

Hence, 

Cu  :  iVa^COi  ::/oo:x.  Cu  :  Na^O^  :i  rooix, 
166.824  223.549 

166.840  223.482 

166.840  223.538 

166.849  223.529 

Mean,  166.838,  ±  .0035  Mean,  223.525,  d=  .0098 

In  one  more  experiment  the  sulphuric  acid  was  weighed  as  barium 
sulphate,  the  latter  being  corrected  for  occluded  salts.  3.1902  grm. 
CuS0,..5H,0  gave  2.9761  BaSO, ;  hence  CuS0,.5H,0  :  BaSO, :  :  100 : 
93.289.  The  sulphate  contained  25.448  per  cent,  of  Cu ;  hence  BaSO^ : 
Cu  : :  93.289 :  25.448.  Still  other  ratios  can  be  deduced  from  Richards' 
work  on  the  sulphate,  but  in  view  of  the  uncertainties  relative  to  the 
water  in  the  salt  they  are  hardly  worth  computing. 

In  his  third  paper  upon  the  atomic  weight  of  copper,*  Richards  studied 
the  dibromide,  CuBr^.  In  preparing  this  salt  he  used  hydrobromic 
acid  made  from  pure  materials,  and  further  purified  by  ten  distillations. 
This  was  saturated  with  copper  oxide  prepared  from  pure  .electrolytic 
copper,  and  the  solution  obttiined  was  proved  to  be  free  from  basic  salts. 
As  the  crystallized  compound  was  not  easily  obtained  in  a  satisfactory 
condition,  weighed  quantities  of  the  solution  were  taken  for  analysis,  in 
which,  after  expulsion  of  bromine  by  nitric  and  sulphuric  acids,  the 
cop})er  was  determined  by  electrolysis.  In  other  portions  of  solution 
the  bromine  was  precipitated  by  silver  nitrate,  and  weighed  as  silver 
bromide.  The  first  preliminary  series  of  experiments  gave  the  subjoined 
results,  with  vacuum  weights  as  usual : 

In  25  Grammes  of  Solution, 

Cu.  AgBr, 

.4164  2.4599 

.4164  2.4605 

.4164  2.4605 

.4165  2.4599 

Hence  2  AgBr :  Cu  : :  100 :  16.927,  ±  .0013. 

*  Proc.  Anier.  Acad.,  25,  195.    1890. 
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The  second,  also  preliminary  series,  was  made  with  more  dilute  solu- 
tions, and  came  out  as  follows: 


In  25  Grammes  of  Solution. 


Cu. 
.26190 
.26185 


AgBr, 
1.5478 
1.5477 
1.5479 


Hence  2  AgBr :  Cu  : :  100 :  16.919,  ±  .0012. 

In  the  third  series,  two  distinct  lots  of  crystallized  bromide  were  dis- 
solved, and  the  solutions  examined  in  the  same  way. 


Cu, 

AgBr, 

Ratio. 

.2500 

1.4771 

16.935 

•5473 

3.2348 

16.919 

Mean,  16.922,  dt  .0020 

In  the  final  set  of  analyses,  the  materials  used  were  purified  even  more 
scrupulously  than  before,  and  the  process  was  distinctly  modified,  as 
regards  the  determination  of  the  bromine.  The  solution  of  the  bromide 
was  added  to  a  solution  of  pure  silver  in  nitric  acid,  not  quite  sufficient 
for  complete  precipitation.  The  slight  excess  of  bromine  was  then 
determined  by  titration  with  a  solution  containing  one  gramme  of  silver 
to  the  litre.  Thus  silver  proportional  to  the  copper  in  the  bromide  was 
determined,  and  the  silver  bromide  was  weighed  in  a  Gooch  crucible  as 
before.     The  results  are  subjoined : 


In  50  Grammes  of  Solution, 

Cu, 

Ag. 

AgBr, 

54755 
54750 

1.8586 
1.8579 
1.8583 

3.2350 
3.«340 
3.2348 

Hence  Cu :  Ag, : :  100 :  339.392,  ±  .0108,  and  2  AgBr  :  Cu  : :  100 :  16.927, 
±  .0012. 

The  latter  ratio,  combined  with  the  results  of  the  three  preceding  series, 
gives  a  general  mean  of : 

2  AgBr  :  Cu  :  :  loo  :  16.924,  zb  .0007 

In  his  two  earlier  papers  *  Richards  determined  the  copper-silver  ratio 
directly — that  is,  without  the  weighing  of  any  compound  of  either  metal. 
By  placing  pure  copper  in  an  ice-cold  solution  of  silver  nitrate,  metallic 
silver  is  thrown  down,  and  the  weights  of  tlie  two  metals  were  in  equiv- 

•  Proc.  Araer.  Acad.,  22,  346,  and  23,  177.     1886  and  1887. 
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alent  proportions.     In  the  first  paper  the  following  results  were  obtained. 
The  third  column  gives  the  value  of  x  in  the  ratio  Cu  :  Ag, : :  100 :  x. 


Cu  Taken. 

Ag  Found, 

Ratio. 

.53875 

1.8292 

339.527 

.56190 

1.9076 

'      339.491 

1.00220 

3.4016 

339.414 

1. 30135 

4.4173 

339.440 

.99S70 

3.39035 

339.477 

1.02050 

3.4646 

339500 

Mean,  339.475,  ±.0114 

In  the  second  paper  Richards  states  that  the  silver  of  the  fifth  experi- 
ment, which  had  been  dried  at  150°,  as  were  also  the  others,  still  retained 
water,  to  the  extent  of  four-tenths  milligramme  in  two  grammes.  If  we 
assume  this  correction  to  be  fairly  uniform,  as  the  concordance  of  the 
series  indicates,  and  apply  it  throu^jhout,  the  mean  value  for  the  ratio 
then  becomes  339.408,  ±l  .0114.  This  procedure,  however,  leaves  the 
ratio  in  some  uncertainty,  and  accordingly  some  new  determinations 
were  made,  in  which  the  silver,  collected  in  a  Gooch  crucible,  was  heated 
to  incipient  redness  before  final  weighing.  Copper  from  two  distinct 
sources  was  taken,  and  three  experiments  were  carried  out  upon  one 
sample  to  two  with  the  other.  Treating  both  sets  as  one  series,  the 
results  were  as  follows  : 


Cu  Taken. 

Afr  found. 

Ratio. 

'ISl^ 

2.5713 

339.40 

.95040 

3:2256 

339.39 

.75993 

2.5794 

339.42 

1.02060 

3.4640 

339.42 

.90460 

3.0701 

Mean 

339.39 

,  339.404,  ±  .0046 

a  value  practically  identical  with  the  corrected  mean  of  the  previous 
determinations,  and  with  that  found  in  the  later  experiments  upon 
copper  bromide. 

In  various  electrical  investigations  the  same  ratio,  the  electrochemical 
equivalent  of  copper,  has  been  repeatedly  measured,  and  the  later  results 
of  Lord  Rayleigh  and  Mrs.  Sidgewick  *  Gray,t  Shaw,  %  and  Vanni  §  may 
properly  be  included  in  this  discussion.  As  the  data  are  somewhat  dif- 
ferently stated,  I  have  reduced  them  all  to  the  common  standard  adopted 
above.  Gray  gives  two  sets  of  measurements,  one  made  with  large  and 
the  other  with  small  metallic  plates : 


•  Phil.  Trans..  175,  458. 

tPhil.  Mag.  (5),  22,  389. 

t  British  Assoc.  Report,  1886.    Abstract  in  Phil.  Mag.  (5),  23, 138. 

\  Ann.  der  Phys.  (Wiedemann's)  (2),  44,  214. 


Rayleigh  and  S. 
340.483 
340.832 

340.367 

Gray  /. 
341.297 
341.413 
340.815 
340.252 

339905 
341.064 
.140.832 

341.297 
341.064 

341.413 
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Gray  2, 

340.252 

339.674 
340.020 

339.905 
339.674 
339.328 
340.136 
340.136 
340.136 
340.020 
340.020 
340.136 

Shaw, 
339.68 
340.05 
339.84 
339.71 
340.04 

339.94 
340.35 
339.82 
340.09 
339.84 
339.90 
339.98 
340.14 
340.56 
339.82 

Vanni. 

340.483 
340.600 
340.367 
340.252 
340.600 
340.136 

340.561, 
±.0935 

340.406. 
± .0520 

340.935. 

dz  .1072 

339.953, 
dr  .0521 

99 


339.983, 

dr  .0411 

The  lack  of  sharp  concordance  in  these  data  and  the  consequently 
high  probable  errors  seem  to  indicate  a  distinct  superiority  of  the  purely 
chemical  method  of  determination  over  that  adopted  by  the  physicist. 
The  eight  distinct  series  now  combine  as  follows : 

Richards,  first  series  corrected 339.408,  ib  .01 14 

Richards,  second  series 339.404,  zh  .0046 

Richards,  CuBr,  series 339-392,  ±l  .0108 

Rayleigh  and  Sidgewick 340.561,  tb  .0935 

Gray,  with  large  plates 340.935,  ic  .  1072 

Gray<  with  small  plates 339-953,  ±  .0521 

Shaw 339.983,^.0411 

Vanni ; 340.406,  ±i  .0520 

General  mean 339.41*,  dr  .0039 


If  we  combine  Richards'  tliree  series  into  a  general  mean  separately, 
we  get  339.402,  d=  .0040.  Hence  the  other  determinations,  having  high 
probable  errors,  practically  vanish  from  the  result,  and  it  is  a  matter  of 
indifference  whether  they  are  retained  or  rejected. 

We  now  have  the  following  ratios  from  which  to  compute  the  atomic 
weight  of  copper : 

(i.)  Percentage  of  Cu  In  CuO 79.8355,  zfc  .0010 


(2.)  **  of  Cu  in  CuSO^ 39.795, 

(3.)  "  of  Cu  in  CuSO^,  5H,0. .   25.451, 

(4.)  "  of  CuO  in  CuSO^ 49.816, 

(5.)  Cu  :  Na,COj  :  :  lOO  :  166.838,  dr  .0035 
(6.)  Cu  :  NajSO^  :  :  100  :  223.525,  i  .0098 
(7.)  BaSO,  :  Cu  :  :  93.289  :  25.448. 
(8.)  2AgBr  :  Cu  :  :  100  :  16.924,  ±.  .oooj 
(9.)  Cu  :  Ag,  :  :  too  :  339.4",  ±  .0039 


±0036 
zb  .0011 
zb  .0017 
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Reducing  these  ratios  with  the  subjoined  data : 

O    =    15.879,  db  .0003  Na       =    22.881,  db  .0046 

Ag  =  107.108,  lir  .0031  Ha       =  136.392,  d=  .0086 

S     =    31.828,  dr  .0015  AgBr  =  186.452,  db  .0054 
C    =    11.920,  i:  .0004 

We  have  nine  values  for  the  atomic  weight  of  copper.  Since  ratio  (7) 
depends  upon  one  experiment  only,  it  is  necessary  to  assign  the  value 
derived  from  it  arbitrary  weight.  This  will  be  taken  as  indicated  by  a 
probable  error  double  that  of  the  next  highest,  obtained  from  ratio  (2). 
The  values  then  are  as  follows : 

From  ( I ) Cu  =  62.869,  db  .0034 

From  (2) •'  =  63.022,  rb  .0070 

From  (3) '•  =r  63.070,  d=  .0030 

From  (4) "  =  63.003,  db  .0042 

From  (5) **  =63.127,  ±.0051 

From  (6) *•  =  63.128,  =b  .0050 

From  (7) ••  =63.215,  rb.0140 

From  (8) *'  =  63.110,  dr  .0032 

From  (9) "  =63.114,  zfc  .0020 

General  mean Cu  =  63.070,  ib  .0012 

If  O  =  16,  Cu  =  63.550.  If  we  include  Hampers  analyses  of  copper 
sulphate,  which  gave  Cu  =  62.839,  zt  .0035,  the  general  mean  becomes 
Cu==  63.046,  dz.OOll. 

The  foregoing  means,  however,  are  significant  only  as  showing  the 
effect  and  weight  of  the  older  data  upon  the  newer  determinations  of 
Richards.  The  seventh  of  the  individual  values  is  also  interesting,  for 
the  reason  that  the  experiment  upon  which  it  depends  was  published  by 
Richards  previous  to  his  investigation  of  the  atomic  weight  of  barium. 
With  the  old  value  for  Ba,  137,  it  gives  a  value  for  copper  in  close  agree- 
ment with  Richards'  other  determinations.  With  the  new  value  for 
barium  it  becomes  discordant,  although  its  weight  is  so  low  that  it  pro- 
duces no  appreciable  effect  upon  the  final  mean. 

Rejecting  values  1  to  4,  inclusive,  the  remaining  five  values  give  a  gen- 
eral mean  of 

Cu  =  63.119,  db  .0015. 

If  0=  16,  this  becomes  63  600,  and  in  the  light  of  all  the  evidence 
these  figures  are  to  be  preferred.  If,  again,  we  combine  with  this  mean 
the  results  of  Richards'  work  on  the  oxide  and  sulphate  of  copper,  the 
final  value  becomes 

Cu  =  63.108,  lb  .0013, 

and  with  0  =  16,  63.589.  This  departs  but  little  from  the  previous  mean 
value,  but  it  includes  data  which  render  it,  in  all  probability,  a  trifle  too 
low.     The  value  Cu  =  63.119  will  be  regarded  as  the  best. 
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Among  the  early  estimates  of  the  atomic  weight  of  gold  the  only  ones 
worthy  of  consideration  are  those  of  Berzelius  and  Levol. 

The  earliest  method  adopted  by  Berzelius*  was  that  of  precipitating 
a  solution  of  gold  chloride  by  means  of  a  weighed  quantity  of  metallic 
mercury.  The  weight  of  gold  thus  thrown  down  gave  the  ratio  between 
the  atomic  weights  of  the  two  metals.  In  the  single  experiment  which 
Berzelius  publishes,  142.9  parts  of  Hg  precipitated  93.55  of  Au.  Hence 
if  Hg  =  200,  Au  =  196.397. 

In  a  later  investigation  f  Berzelius  resorted  to  the  analysis  of  potassio- 
auric  chloride,  2KCl.AuCls.  Weighed  quantities  of  this  salt  were  ignited 
in  hydrogen  ;  the  resulting  gold  and  potassium  chloride  were  separated 
by  means  of  water,  and  both  were  collected  and  estimated.  The  loss  of 
weight  upon  ignition  was,  of  course,  chlorine.  As  the  salt  could  not  be 
perfectly  dried  without  loss  of  chlorine,  the  atomic  weight  under  inves- 
tigation must  be  determined  by  the  ratio  between  the  KCl  and  the  Au. 
If  we  reduce  to  a  common  standard,  and  compare  with  100  parts  of  KCl, 
the  equivalent  amounts  of  gold  will  be  those  which  I  give  in  the  last  of 
the  subjoined  columns: 

,       4.1445  grm.  KjAuClj  gave  .8185  grm.  KCl  and  2.159  grm.  Au.         263.775 


2.2495 

(< 

.44425 

(( 

1. 172 

n 

263.815 

5  »3oo 

<t 

".01375 

♦♦ 

2.67225 

a 

263.600 

3.4130 

(( 

.674 

<( 

1.77725 

n 

263.687 

4.19975 

(< 

.8295 

%( 

2.188 

t( 

263.773 

Mean,  263.730,  ±:  .026 

Still  a  third  series  of  experiments  by  Berzelius  J  may  be  included 
here.  In  order  to  establish  the  atomic  weight  of  phosphorus  he  em- 
ployed that  substance  to  precipitate  gold  from  a  solution  of  gold  chloride 
in  excess.  Between  the  weight  of  phosphorus  taken  and  the  weight  of 
gold  obtained  it  was  easy  to  fix  a  ratio.  Since  the  atomic  weight  of 
phosphorus  has  been  better  established  by  other  methods,  we  may 
properly  reverse  this  ratio  and  apply  it  to  our  discussion  of  gold.  100 
parts  of  P  precipitate  the  quantities  of  Au  given  in  the  third  column : 


.829  grm.  P  precipitated  8.714  grm.  Au. 
.754  "  7.930 

Hence  if  P  =  31,  Au  =  195.568. 


1051.15 
J05I.73 


Mean,  1051.44,  zb  .196 


♦  Poggcnd.  Annalen,  8,  177. 
t  Lehrbuch,  5  Aufl.,  3,  1212. 
X  Lehrbuch,  5  Aufl.,  3,  1188. 
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LevoUs*  estimation  of  the  atomic  weight  under  consideration  can 
hardly  have  much  value.  A  weighed  quantity  of  gold  was  converted 
in  a  flask  into  AuCl,.  This  was  reduced  by  a  stream  of  sulphur  dioxide^ 
and  the  resulting  sulphuric  acid  was  determined  as  BaSO^.  One  gramme 
of  gold  gave  1.782  grm.  BaSO,.     Hence  Au  =  195.06. 

All  these  values  may  be  neglected  as  worthless,  except  that  derived 
from  Berzelius'  KjAuClj  series. 

In  1886  Kriiss  t  published  the  first  of  the  recent  determinations  of  the 
atomic  weight  under  consideration,  several  distinct  methods  being  re- 
corded. First,  in  a  solution  of  pure  auric  chloride  the  gold  was  pre- 
cipitated by  means  of  aqueous  sulphurous  acid.  In  the  filtrate  from  the 
gold  the  chlorine  was  thrown  down  as  silver  chloride,  and  thus  the  ratio 
Au :  3  AgCl  was  measured.  I  subjoin  Kriiss'  weights,  together  with  a 
third  column  giving  the  gold  equivalent  to  100  parts  of  silver  chloride : 

Au.  AgCl,  Ratio, 

7.72076  16.84737  45.828 

5.68290  12.40425  45-814 

3.24773  ,         7.08667  45.828 

4.49167  980475  45-81 1 

3-47949  7.59300  45.825 

3  26836  7  13132  45.832 

5.16181  11.26524  45.821 

4.860H  10.60431  45.834 

Mean,  45.824,  dt  .0020 

The  remainder  of  Kriiss'  determinations  were  made  with  potassium 
auribromide,  KAuBr^,  and  with  this  salt  several  ratios  were  measured. 
The  salt  was  prepared  from  pure  materials,  repeatedly  recrystallized 
under  precautions  to  exclude  access  of  atmospheric  dust,  and  dried  over 
phosphorus  pentoxide.  First,  its  percentage  of  gold  was  determined, 
sometimes  by  reduction  with  sulphurous  acid,  sometimes  by  heating  in 
a  stream  of  hydrogen.  For  this  ratio,  the  weights  and  percentages  are 
as  follows,  the  experiments  being  numbered  for  further  reference,  and  the 
reducing  agent  being  indicated. 

KAuBr^,  Au,  Percent, 

1.  SO2 10.64821      3-77753      35  47^ 

2.  SO, 4.71974      1.67330      35-453 

3.  H 705762      2.50122      35440 

4.  H 4.49558      1.59434      35.465 

5.  SO, 8.72302      309448      35-475 

6.  SO, 7.66932      2.71860      35.448 

7.  SO, 7.  "5498      2.53695      35.457 

8.  H 12.26334      4-34997      35-47' 

9.  II 7.10342      2.51919      35.465 

Mean,  35.46r,  zb  .002S 

•  Anu.  Chim.  Phys.  (3),  30.  355.     1850. 

t  Untersuchungen  fiber  das  Atomgewicht  des  Goldes.    Miinchen,  iS^S6.    \\2  pp.,  8vo. 
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In  five  of  the  foregoing  experiments  the  reductions  were  effected  with 
sulphurous  acid  ;  and  in  these,  after  filtering  off  the  gold,  the  bromine 
was  thrown  down  and  weighed  as  silver  bromide.  This,  in  comparison 
with  the  gold,  gives  the  ratio  Au  :  4AgBr  :  :  100  :  x, 

Au.  4AgBr,  Ratio, 

» 3.77753  14.39542  381.080 

2 1.67330  6.37952  381.254 

5....: 309448  J  1.78993  380.999 

6  2.71860  10.35902  381.042 

7 2.53695  9.661 17  380.73* 

Mean,  381.021,  zb  .057 

Hence  Au  :  AgBr  :  :  100  :  95.255,  ±  .0142. 

In  th^  remaining  experiments,  Nos.  3,  4,  8,  and  9,  the  KAuBr^  was 
reduced  in  a  stream  of  hydrogen,  the  loss  of  weight,  Brj,  being  noted. 
In  the  residue  the  gold  was  determined,  as  noted  above,  and  the  KBr 
was  also  collected  and  weighed.     The  weights  were  as  foljows : 

Au.  Loss,  Br^,  KBr. 

3 2.50122  3.04422  1. 51090 

4 1.59434  1.93937  .96243 

8  4.34997  5-293»6  2.62700 

9 2.51919  3.06534  1. 52153 

From  these  data  we  obtain  two  more  ratios,  viz.,  Au  :  Br, :  :  100  :  a;, 
and  Au  :  KBr  :  :  100  :  x,  thus : 

Au  :  Br^.  Au  :  KBr, 

3  121. 710  60.405 

4 121. 641  60.365 

8 121.683  60.391 

9 121.680  60.398 

Mean,  121.678,  ±  .0100         Mean,  60.390,  db  .0059 

From  all  the  ratios,  taken  together,  Kriiss  deduces  a  final  value  of 
Au  =  197.13,  if  O  =  16.  It  is  obviously  possible  to  derive  still  other 
ratios  from  the  results  given,  but  to  do  so  would  be  to  depart  unneces- 
sarily from  the  author's  methods  as  stated  by  himself. 

Thorpe  and  Laurie,  *  whose  work  appeared  shortly  after  that  of  Kriiss, 
also  made  use  of  the  salt  KAuBr^,  but,  on  account  of  difficulty  in  drying 
it  without  change,  they  did  not  weigh  it  directly.  After  proving  the  con- 
stancy in  it  of  the  ratio  Au  :  KBr,  even  after  repeated  crystallizations, 
they  adopted  the  following  method :  The  unweighed  salt  was  heated 
with  gradual  increase  of  temperature,  up  to  about  160°,  for  several  hours, 
and  afterwards  more  strongly  over  a  small  Bunsen  flame.  This  was  done 
in  a  porcelain  crucible,  tared  by  another  in  weighing,  which  latter  was 
treated  in  precisely  the  same  way.  The  residue,  KBr  +  Au,  was  weighed, 
the  KBr  dissolved  out,  and  the  gold  then  weighed  separately.     The 

•  Journ.  Chem.  Soc.,  51,  565.     1887. 
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weight  of  KBr  was  taken  by  difference.    The  ratio  Au  :  Klfr :  :  100 :  x 

appears  in  a  third  column. 

/f«.  /CBr.  Ratio, 

6.19001  373440  60.329 

4.7^57  2.87715  60.32? 

4-14050  2.49822  60.336 

3.60344  2.17440  60.342 

3.67963  2.21978  60.326 

4.57757  '  2.76195  60.337 

5.36659  3.23821  60.326 

5.16406  3.  "533  60.327 

Mean,  60.331,  rb  .0016 
This  mean  combines  with  Kriiss'  thus : 

Kriiss 60.390,  dr  .0059 

Thorpe  and  Laurie 60.331,  ±:  .0016 

General  mean 60.338,  dt  .001 5 

The  potassium  bromide  of  the  previous  experiments  was  next  titrated 
with  a  solution  of  pure  silver  by  Stas'  method,  the  operation  being 
performed  in  red  liojht.  Thus  we  get  the  following  data  for  the  ratio 
Ag :  Au  : :  100 :  at,  using  the  weights  of  gold  already  obtained : 

Ag.  Au.  Ratio. 

3.38451  6.19001  182.893 

2.60896  4.76957  182.813 

2.28830  4.18266  182.786 

2.264.15  4.14050  182.868 

1. 97147  3.60344  182.775 

2.01292  3.67963  182.801 

2.50334  4.57757  182.863 

2.93608  5.36659  182.780 

2.82401  5.16406  182.865 

Mean,  182.827,  i  .0101 

Finally,  in  eight  of  these  experiments,  the  silver  bromide  formed 
during  titration  was  collected  and  weighed,  giving  values  for  the  ratio 
Au  :  AgBr :  :  100 :  a;,  as  follows : 

Au.                               AgBr.  Ratio. 

6.19001                           5.89199  95.186 

4.76957                           4.54261  95.242 

4.18266                           3.98288  95.224 

4.14050                           3.94309  95.232 

3-60344                           3-43015  95.191 

3.67963                           3.50207  95.175 

4.57757                           4.35736  95189 

5.36659                           511045  95.227 

Mean,  95.208,  ±  .0061 
Kriiss  found,  95.255,  =b  .0142 

General  mean,  95.222,  ±  .0056 


GOLD. 


105 


From  the  second  and  third  of  the  ratios  measured  by  Thorpe  and 
Laurie  an  independent  value  for  the  ratio  Ag  :  Br  may  be  computed.  It 
becomes  100 :  74.072,  which  agrees  closely  with  the  determinations  made 
by  Stas  and  Marignac.  Similarly,  the  ratios  Ag :  KBr  and  AgBr :  KBr 
may  be  calculated,  giving  additional  checks  upon  the  accuracy  of  the 
manipulation,  though  not  upon  the  purity  of  the  original  material 
studied. 

Thorpe  and  Laurie  suggest  objections  to  the  work  done  by  Kriiss,  on 
the  ground  that  the  salt  KAuBr^  cannot  be  completely  dried  without 
loss  of  bromine.  This  suggestion  led  to  a  controversy  between  them  and 
Kriiss,  which  in  effect  was  briefly  as  follows : 

First,  Kriiss*  urges  that  the  potassium  auribromide  ordinarily  contains 
traces  of  free  gold,  not  belonging  to  the  salt,  produced  by  the  reducing 
action  of  dust  particles  taken  up  from  the  air.  He  applies  a  correction 
for  this  supposed  free  gold  to  the  detenninations  made  by  Thorpe  and 
Laurie,  and  thus  brings  their  results  into  harmony  with  his  own.  To 
this  argument  Thorpe  and  Laurie  f  reply,  somewhat  in  detail,  stating 
that  the  error  indicated  was  guarded  against  by  them,  and  that  they 
had  dissolved  quantities  of  from  eight  to  nineteen  grammes  of  the  auri- 
bromide without  a  trace  of  free  gold  becoming  visible.  A  final  note  in 
defense  of  his  own  work  was  published  by  Kriiss  a  little  later.  J 

In  1889  an  elaborate  set  of  determinations  of  this  constant  was  pub- 
lished by  Mallet,  §  whose  experiments  are  classified  into  seven  distinct 
series.  First,  a  neutral  solution  of  auric  chloride  was  prepared,  which 
was  weighed  off  in  two  appl-oximately  equal  portions.  In  one  of  these 
the  gold  was  precipitated  by  pure  sulphurous  acid,  collected,  washed, 
dried,  ignited  in  a  Sprengel  vacuum,  and  weighed.  To  the  second  por- 
tion a  solution  containing  a  known  weight  of  pure  silver  was  added. 
After  filtering,  with  all  due  precautions,  the  silver  remaining  in  the  fil- 
trate was  determined  by  titration  with  a  weighed  solution  of  pure  hydro- 
bromic  acid.  We  have  thus  a  weight  of  gold,  and  the  weight  of  silver 
needed  to  precipitate  the  three  atoms  of  chlorine  combined  with  it;  in 
other  words,  the  ratio  Agg  :  Au  :  :  100  :  x.  All  weights  in  this  and  the 
subsequent  series  are  reduced  to  vacuum  standards,  and  all  weighings 
were  made  against  corresponding  tares. 

Au.  Ag^,  Ratio, 

7.6075  12.4875  60.921 

8.4212  13.8280  60.900 

6.9407  11.3973  60.898 

3.3682  5.5286  60.923 

2.8244  4.6371  60.909 


Hence  Ag  :  Au  :  :  100  :  182.730,  zb  .0102. 


Mean,  60.910,  ih  .0034 


•Ber.  Deutsch.  Chera.  Gesell.,  20,  3365.     1887. 

t  Berichtc,  20,  3036,  and  Journ.  Chem.  Soc.,  51,  866.    1887. 

\  Berichte.  21,  126.    188S. 

g  Philosophical  Transactions,  180,  395.     1889. 
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The  second  series  of  determinations  was  essentially  like  the  first,  ex- 
j  cept  that  auric  bromide  was  taken  instead  of  the  chloride.    The  ratio 

-;  measured,  Ag, :  Au,  is  precisely  the  same  as  before.     Results  as  follows : 

'1  j4u.  Ag^.  Ratio. 

I  8.2345  13.5^49  60.929 

r  t*690i  12.6251  60.911 

'♦  '05233  17.2666  60.945 

i  2.7498  4.5141  60.916 

'  3.5620  5-8471  60.919 

!  3.9081  6.4129  60.941 

i'  

Mean,  60.927,  dr  .0038 

Hence  Ag  :  Au: :  100: 182.781,  dz  .0114. 

In  the  third  series  of  experiments  the  salt  KAuBr^  was  taken,  plurified 
by  five  recrystallizations.  The  solution  of  this  was  weighed  out  into 
nearly  equal  parts,  the  gold  being  measured  as  in  the  two  preceding 
series  in  one  portion,  and  the  bromine  thrown  down  by  a  standard  silver 
solution  as  before.  This  gives  the  ratio  Ag^ :  Au  : :  100 :  x. 
Au.  Ag.  Ratio, 

5.7048  12.4851  45-693 

'  7.9612  17.4193  45693 

2.4455  5.3513  45.699 

4.1632  9- "53  45673 

Mean,  45689,  ±  .0040 
Hence  Ag :  Au : :  100 :  182.756,  ±  .0160. 

The  fifth  series  of  determinations,  which  for  present  purposes  naturally 
precedes  the  fourth,  was  electrolytic  in  character,  gold  and  silver  being 
simultaneously  precipitated  by  the  same  current.    The  gold  was  in  solu- 
tion as  potassium  auro-cyanide,  and  the  silver  in  the  form  of  potassium 
I  silver  cyanide.     The  equivalent  weights  of  the  two  metals,  thrown  down 

in  tlie  same  time,  were  as  follows,  giving  directly  the  ratio  Ag :  Au : :  100 :  x. 
'     i  Au.  Ag.  Ratio. 

I  5.2721  2.8849  182.748 

6.3088  3.4487  182.933 

4.2770  2.3393  182.832 

3.5'23  1-9223  182.713 

3.6804  2.0132  182.814 

Mean,  182.808,  dh  .0256 

This  mean  may  be  combined  with  the  preceding  means,  and  also  with 
the  determination  of  the  same  ratio  by  Thorpe  and  Laurie,  tlius  : 

Thorpe  and  Laurie 182.827,  dz  0101 

Mallet,  chloride  series 182.730,  dr  .0102 

Mallet,  bromide  series 182.781,  rh  .0114 

Mallet,  KAuBr^  series 182  756,  zb  .0160 

Mallet,  electrolytic 182.808,  dr  .0256 

General  mean 182.778,  ±:  .0055 
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In  Mallet  8  fourth  series  a  radically  new  method  was  employed.  Tri- 
methyl-ammonium  aurichloride,  NCCH^XHAuCl^,  was  decomposed  by 
heat,  and  the  residual  gold  was  determined.  In  order  to  avoid  loss  by 
spattering,  the  salt  was  heated  in  a  crucible  under  a  layer  of  fine  siliceous 
sand  of  known  weight.  Several  crops  of  crystals  of  the  salt  were  stjidied, 
as  a  check  against  impurities,  but  all  gave  concordant  values. 


SalL 

Residual  Au. 

Percent.  Au. 

14.9072 

7.3754 

49.475 

'5.5263 

7.6831 

49.484 

10.4523 

5.1712 

49.474 

6.5912 

3.2603 

49.464 

5.5744 

2.7579 

49.474 

Mean,  49-474,  ±.0021 


In  his  sixth  and  seventh  series  Mallet  seeks  to  establish,  by  direct 
measurement,  the  ratio  between  hydrogen  and  gold.  In  their  experi- 
mental details  his  methods  are  somewhat  elaborate,  and  only  the  pro- 
cesses, in  the  most  general  way,  can  be  indicated  here.  First,  gold  was 
precipitated  electrolytically  from  a  solution  of  potassium  aurocyanide, 
and  its  weight  was  compared  with  that  of  the  amount  of  hydrogen  simul- 
taneously liberated  in  a  voltameter  by  the  same  current  in  the  same 
time.  The  hydrogen  was  measured,  and  its  weight  was  then  computed 
from  its  density.     The  volumes  are  given,  of  course,  at  0°  and  760  mm. 


WL  Au, 

4.0472 
4.0226 

4.0955 


Vol.  H,  cc. 
228.64 
227.03 
231.55 


Wt.H. 
.0205483 
.0204046 
.0208103 


These  data,  with  the  weight  of  one  litre  of  hydrogen  taken  as  0.89872 
gramme,  give  the  subjoined  values  in  the  ratio  H  :  Au  :  :  1 :  a:. 

196.960 

197.151 
196.805 


Mean,  196.972,  rb  .0675 


In  the  last  series  of  experiments  a  known  quantity  of  metallic  zinc  was 
dissolved  in  dilute  sulphuric  acid,  and  the  amount  of  hydrogen  evolved 
was  measured.  Then  a  solution  of  pure  auric  chloride  or  bromide  was 
treated  with  a  definite  weight  of  the  same  zinc,  and  the  quantity  of  gold 
thrown  down  was  determined.  The  zinc  itself  was  purified  by  practical 
distillation  in  a  Sprengel  vacuum.  From  these  data  the  ratio  H, :  Au 
was  computed  by  direct  comparison  of  the  weight  of  gold  and  that  of  the 
liberated  hydrogen.    The  results  were  as  follows  : 
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m,  Au,  Vol.  H,  cc.  WL  H. 

10.3512  1756.10  .157824 

8.2525  1400.38  .125857 

8.1004  1374.87  .123565 

3.29*3  558.64  .050206 

3.4835  590.93  .053109 

3.6421  618.  II  .055551 

Hence  for  the  ratio  H3 :  Au  :  :  1 :  a:  we  have : 

65.587 
^65.571 

65.557 
65.556 
65-593 
65.563 

Mean,  65.571,  ±.00436 

And  H  :  Au  :  :  1 :  196.713,  ±  .0131.    This,  combined  with  the  value 
found  in  the  preceding  series,  gives  a  general  mean  of  196.722,  ±  .0129. 
The  ratios  available  for  gold  are  now  as  follows : 

(i.)  2KCI  :  Au  :  :  100  :  263.730,  ±  .026 

(2.)  3AgCl  :  Au  :  :  100  :  45.824,  ±.  .0020 

(3.)  KAuBr^  :  Au  :  :  lOO  :  35.461,  dr  .0028 

(4.)  Au  :  AgBr  :  :  100  :  95.222,  dr  .0056 

(5.)  Au  :  Bfj  :  :  100  :  121.678,  ±  .0100 

(6.)  Au  :  KBr  :  :  icx) :  60.338,  ±0015 

(7.)  Ag  :  Au  :  :  100  :  182.778,  dr  .0055 

(8.)  NCjHjqAuCI^  :  Au  :  :  100  :  49.474,  db  .0021 

(9.)  H  :  Au  :  :  I  :  196.722,  dr  .0129 

For  the  reduction  of  these  ratios  the  antecedent  data  are : 

Ag=  107.108,  di  .0031  c        =    11.920,  di  .0004 

Cl  =  35.179,  =t  .0048  AgCl  =  142.287,  d:  .0037 

Kr  =    79-344,  ±  .0062  AgBr  =  186.452,  d:  .0054 

K  =    38.817,  d:  .0051  KCl    =    74.025,  d:  .0019 

N    =r    13.935,  dr  .0021  KBr   =  II8.200,  di  .0073 

Hence  for  the  atomic  weight  of  gold  we  have  nine  values : 

From  (i) Au  =  195.226,  d=  .0193 

From  (2) *«  =  195.605,  d:  .0099 

From  (3) *<  =  195.71 1,  dt  .0224 

From  (4) •«  =  195.808,  dr  .0126 

From  (5) *«  =  195.624,  d=  .0222 

From  (6) *'  =  195.896,  d=  .0131 

From  (7) "  =  195.770,  dr  .0082 

From  (8) *»  =  196.238,  d:  .0224 

From  (9) '»  =  196.722,  dz  .0129 

General  mean Au  =  195.850,  dr  .0044 

If  0  =  16,  this  becomes  Au  =  197.342. 
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Of  the  foregoing  values  the  first  one,  which  is  derived  from  Berzelius' 
work,  should  certainly  be  rejected.  So  also,  apparently,  should  the  eighth 
and  ninth  values.  Excluding  these,  values  2  to  7,  inclusive,  give  a  gen- 
eral mean  of  Au  =  195.743.  ±  .0049.  With  0  =  16,  this  becomes  Au  = 
197.235.  Probably  these  values  are  more  nearly  correct  than  those  which 
include  all  the  determinations. 

The  ninth  value  in  the  list  given  above  represents  Mallet's  comparisons 
of  gold  directly  with  hydrogen,  and  is  peculiarly  instructive.  In  Mal- 
let's paper  the  other  determinations  are  discussed  upon  the  basis  of 
O  =  15.96,  which  brings  them  more  nearly  into  harmony  with  the  hydro- 
gen series.  The  great  divergence  shown  in  this  recalculation  is  due  to 
the  new  value  for  oxygen,  15.879,  and  its  effect  upon  the  atomic  weights 
of  silver,  bromine,  etc.  The  former  agreement  between  the  several  series 
of  gold  values  was  therefore  only  apparent,  and  we  are  now  able  to  see 
that  concordance  among  determinations  may  be  only  coincidence,  and 
no  proof  of  accuracy.  It  is  probable,  furthermore,  that  direct  compari- 
sons of  metals  with  hydrogen  cannot  give  good  measurements  of  atomic 
weights,  for  several  reasons.  First,  it  is  not  possible  to  be  certain  that 
every  trace  of  hydrogen  has  been  collected  and  measured,  and  any  loss 
tends  to  raise  the  apparent  atomic  weight  of  the  metal  studied ;  secondly, 
the  weight  of  the  hydrogen  is  computed  from  its  volume,  and  a  slight 
change  in  the  factors  used  in  reduction  of  the  observations  may  make  a 
considerable  difference  in  the  final  result.  These  uncertainties  exist  in 
all  determinations  of  atomic  weights  hitherto  made  by  the  hydrogen 
method. 
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For  determining  the  atomic  weight  of  calcium  we  have  sets  of  experi- 
ments by  Berzelius,  Erdmann  and  Marchand,  and  Dumas.  Salvetat* 
also  has  published  an  estimation,  but  without  the  details  necessary  to 
enable  us  to  make  use  of  his  results.'  I  also  find  a  reference  f  to  some 
work  of  Marignac,  which,  however,  seems  to  have  been  of  but  little  im- 
portance. The  earlier  work  of  Berzelius  was  very  inexact  as  regards 
calcium,  and  it  is  not  until  we  come  down  to  the  year  1824  that  we  find 
any  material  of  decided  value. 

The  most  important  factor  in  our  present  discussion  is  the  composi- 
tion of  calcium  carbonate,  as  worked  out  by  Dumas  and  by  Erdmann 
and  Marchand. 

In  1842  Dumas  X  made  three  ignitions  of  Iceland  spar,  and  determined 
the  percentages  of  carbon  dioxide  driven  off  and  of  lime  remaining.  The 
impurities  of  the  material  were  also  determined,  the  correction  for  them 
applied,  and  the  weighings  reduced  to  a  vacuum  standard.  The  per- 
centage of  lime  came  out  as  follows  : 

56.12 
56.04 
56.06 


Mean,  56.073,  zb  .016 

About  this  same  time  Erdmann  and  Marchand  §  began  their  researches 

upon  the  same  subject.     Two  ignitions  of  spar,  containing  .04  per  cent. 

of  impurity,  gave  respectively  56.09  and  56.18  per  cent,  of  residue;  but 

these  results  are  not  exact  enough  for  us  to  consider  further.-    Four  other 

results  obtained  with  artificial  calcium  carbonate  are  more  noteworthy. 

The  carbonate  was  precipitated  from  a  solution  of  pure  calcium  chloride 

by  ammonium  carbonate,  was  washed  thoroughly  with  hot  water,  and 

dried  at  a  temperature  of  180°.     With  this  preparation  the  following 

residues  of  lime  were  obtained  : 

56.03 

55.98 
56.00 

55.99 
Mean,  56.00,  rfc  .007 

It  was  subsequently  shown  by  Berzelius  that  calcium  carbonate  pre- 
pared by  this  method  retains  traces  of  water  even  at  200®,  and  that 

•Compt.  Kend.,  17,  318.    1843. 

t  Sec  Oudenian's  monograph,  p.  51. 

t  Compt.  Rend.,  14,  537.     1842. 

§  Journ.  fur  Prakt.  Chem.,  26,  472.    1842. 


2-3594  grm.  CaO. 

55.997  per  cent 

8.4810         •» 

56.022       *• 

13.1958 

56.031       ". 

13.2456 

56.032       " 

23.5533 

56.044       " 

27.8536 

56.042       " 

Mean 

,  56.028,  ±  .004 
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minute  quantities  of  chloride  are  also  held  by  it.  These  sources  of  error 
are,  however,  in  opposite  directions,  since  one  would  tend  to  diminish 
and  the  other  to  increase  the  w.eight  of  residue. 

In  the  same  paper  there  are  also  two  direct  estimations  of  carbonic 
acid  in  pure  Iceland  spar,  which  correspond  to  the  following  percentages 
of  lime : 

56.00 

56.02 

Mean,  56.01,  ±  .007 

In  a  still  later  paper*  the  same  investigators  give  another  series  of 
results  based  upon  the  ignition  of  Iceland  spar.  The  impurities  were 
carefully  estimated,  and  the  percentages  of  lime  are  suitably  corrected  : 


15.1385 
23.5503 
23.6390 
42.0295 
49.7007 


Six  years  later  Erdmanu  and  Marchand  f  published  one  more  result 
upon  the  ignition  of  calcium  carbonate.  They  found  that  the  compound 
began  giving  off  carbon  dioxide  below  the  temperature  at  which  their 
previous  samples  had  been  dried,  or  about  200°,  and  that,  on  the  other 
hand,  traces  of  the  dioxide  were  retained  by  the  lime  after  ignition. 
These  two  errors  do  not  compensate  each  other,  since  both  tend  to  raise 
the  percentage  of  lime.  In  the  one  experiment  now  under  consideration 
these  errors  were  accurately  estimated,  and  the  needful  corrections  were 
applfed  to  the  final  result.  The  percentage  of  residual  lime  in  this  case 
came  out  55.998.  This  agrees  tolerably  well  with  the  figures  found  in  the 
direct  estimation  of  carbonic  acid,  and,  if  combined  with  those  two,  gives 
a  mean  for  all  three  of  56.006,  ±  .0043. 

Combining  all  these  series,  we  get  the  following  result : 

Dumas 56.073,  zb  .016 

Erdmann  and  Marchand 56.006,  ±  .007 

Erdmann  and  Marchand 56.028,  i  .0047 

Erdmann  and  Marchand 56.006,  zh  .0043 

General  mean 56.0198,  dr  .0029 

For  reasons  given  above,  this  mean  is  probably  vitiated  by  a  slight 
constant  error,  which  makes  the  figure  a  trifle  too  high. 

•  Journ.  f(\r  Prakt.  Chera.,  31,  269.    1844. 
1  Journ.  far  Prakt.  Chcm.,  50,  237.   .1850. 
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In  the  earliest  of  the  three  papers  by  Erdmann  and  Marehand  there  is 
also  given  a  series  of  determinations  of  the  ratio  between  calcium  car- 
bonate and  sulphate.  Pure  Iceland  spaj:  was  carefully  converted  into 
calcium  sulphate,  and  the  gain  in  weight  noted.  One  hundred  parts  of 
spar  gave  of  sulphate : 

136.07 

136.06 

136.02 

136.06 

Mean,  136.0525,  ±  .0071 

In  1848  the  atomic  weight  of  calcium  was  redetermined  by  Berzelius,  * 
who  investigated  the  ratio  between  lime  and  calcium  sulphate.  The 
calcium  was  first  precipitated  from  a  pure  solution  of  nitrate  by  means 
of  ammonium  carbonate,  and  the  thoroughly  washed  precipitate  was 
dried  and  strongly  ignited  in  order  to  obtain  lime  wholly  free  from  ex- 
traneous matter.  This  lime  was  then,  with  suitable  precautions,  treated 
with  sulphuric  acid,  and  the  resulting  sulphate  was  weighed.  Correction 
was  applied  for  the  trace  of  solid  impurity  contained  in  the  acid,  but  not 
for  tlie  weighing  in  air.  The  figures  in  the  last  column  represent  the 
percentage  of  weight  gained  by  the  lime  upon  conversion  into  sulphate : 

1.80425  grm.  CaO  gained  2.56735  grm.  142.295 

2.50400  •'  3-57050    "  142.592 

3.90000  *«  5.55MO    "  142.343 

3.04250  **  4.32650    **  142.202 

3.45900  "  4.93>40    '*  142.567 

Mean,  142.3998,  ±.0518 

Last  of  all  we  have  the  ratio  between  calcium  chloride  and  silver,  as 
determined  by  Dumas,  t  Pure  calcium  chloride  was  first  ignited  in  a 
stream  of  dry  hydrochloric  acid,  and  the  solution  of  this  salt  was  after- 
wards titrated  with  a  silver  solution  in  the  usual  way.  The  CaCl^  pro- 
portional to  100  parts  of  Ag  is  given  in  a  third  column : 

2.738  grm.  CaCl,  =  5.309  grtn.  Ag.  51-573 

2.436  "   -        4.731         "  51.490 

1.859  "  3.617        '•  51-396 

2.771  "  5.38H5      "  51.424 

2.240  '*  4.3585      "  51-394 

Mean,  51.4554,  ±.0230 
We  have  now  four  ratios  to  compute  from,  as  follows : 

(I.)   Percentage  CaO  in  CaCOg,  56.0198,  zb  .0029 
(2.)  CaO  :  SO3  :  :  100  :  142.3998,  ±  .0518 
(3.)  CaCOj  :  CaSO^  :  ;  loo  :  136.0525,  rb  .0071 
(4.)  Ag^  :  CaCl.^  :  :  lOO  :  51-4554,  =i=  .0230 

•  Journ.  fur  Prakt.  Chem.,  31,  263.    Ann.  Chem.  Pharm.,  46,  241. 
t  Ann.  Chira.  Phys.  (5),  55,  129.     1859.    Ann.  Chem.  Pharm.,  113,  34. 
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The  antecedent  values  are — 

O   =    15.879,  ifc  .0003  C  =  11.920,  ±  .0004 

Ag  =  107. 108,  dr  .0031  S  =  31.828,  zb  .0015 

CI  =  35.179,  db. 0048 

Hence  the  subjoined  values  for  the  atomic  weight  of  calcium  : 

From  (i) Ca  =  39.757,  ±.0048 

From  (2) . . .    **  =  39925,  ±:  -0203 

From  (3) •*  =  39.706,  dt  .0204 

From  (4) »*   =  39.868,  ±  .0503 

Mean Ca  =  39.764,  zt  .0045 

If  0  =  16,  Ca  =  40.067. 


STRONTIUM. 


The  ratios  which  fix  the  atomic  weight  of  strontium  resemble  in  gen- 
eral terms  those  relating  to  barium,  only  they  are  fewer  in  number  and 
represent  a  smaller  amount  of  work.  The  early  experiments  of  Stro- 
meyer,*  who  mea.sured  the  volume  of  CO,  evolved  from  a  known  weight 
of  strontium  carbonate,  are  hardly  available  for  the  present  discussion. 
So  also  w6  may  exclude  the  determination  by  Salv6tat,t  who  neglected 
to  publish  sufficient  details. 

Taking  the  ratio  between  strontium  chloride  and  silver  first  in  order, 
we  have  series  of  figures  by  Pelouze  and  by  Dumas.  Pelouze  J  employed 
the  volumetric  method  to  be  described  under  barium,  and  in  two  ex- 
periments obtained  the  subjoined  results.  In  another  column  I  append 
the  ratio  between  SrCl,  and  100  parts  of  silver : 

1.480  grm.  SrCl,  =  2.014  grm.  Ag.  73.486 

2.210  "  3.008       "  73.471 


Mean,  73.4781,  db  .0050 

Dumas,  §  by  the  same  general  method,  made  sets  of  experiments  with 
three  samples  of  chloride  which  had  previously  been  fused  in  a  current 
of  dry  hydrochloric  acid.  His  results,  expressed  in  the  usual  way,  are 
as  follows : 


♦  Schweigg:.  Journ.,  19.  228.    1816. 

t  Compt.  Rend.,  17,  318     1843. 

tCompt.  Rend.,  20,  1047.    1845. 

I  Ann.  Chim.  Phys.  (3),  55,  29.     1859.    Ann  Chem.  Pharra.,  113,  34. 
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Series  A. 

3.137  grm.  SrG,  =  4.280  grm.  Ag.  Ratio,  73.2944 

1.982            "            2.705       **  **      73.2717 

3.041            "           4.142      "  "      73.4"86 

3.099            «*           4,219       "  .*'      73-4534 

Mean,  73.3595 
Series  B, 

3.356  grm.  SrCl,  =  4.574  grm.  Ag.  Ratio,  73-3713 

6.3645  "  8.667       "  "      73.4327 

7."3i  **  9.712       "  »'      73.4246 

Mean,  73-4095 
Series  C. 

7.213  grm.  SrCI,  =  9.811  grm.  Ag.  Ratio,  73-5195 

2.206            "            3.006       "  "      73.3866 

4.268            "            5.816       *'  "      73.5529 

4,018            "            5.477       **  "      73.3613 

Mean,  73.455" 
Mean  of  all  as  one  series,  73.4079,  ±  .0170 

Combining  these  data  we  have : 

Pelouze 73.4781,  ±  .0050 

Marignac 73-4079,  =b  .0170 

General  mean 73.4725,  ±  .0048 

The  foregoing  figures  apply  to  anhydrous  strontium  chloride.  The 
ratio  between  silver  and  the  crystallized  salt,  SrCl,.6H,0,  has  also  been 
determined  in  two  series  of  experiments  by  Marignac.  *  Five  grammes 
of  salt  were  used  in  each  estimation,  and,  in  the  second  series,  the  per- 
centage of  water  was  first  determined.  The  quantities  of  the  salt  corre- 
sponding to  100  parts  of  silver  are  given  in  the  last  column  : 

Series  A. 

5  grm.  SrCI,.6HjO  =  4.05i5  grm.  Ag.  123.411 

40495       **  123.472 

*'  "  40505       "  123.442 

Mean,  123.442 
Series  B. 

5  grm.  SrCl,.6H,0  =  4.0490  grm.  Ag.  123.487 

"  **  4.0500       '*  123.457 

**  **  4.0490       *'  '23.487 

Mean,  123.477 
Mean  of  all  as  one  series,  123.460,  =b  .0082 

*  Journ.  fQr  Prakt.  Chem.,  74,  ai6.     1858. 
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In  the  same  paper  Marignac  gives  two  sets  of  determinations  of  the 
percentage  of  water  in  crystallized  strontium  chloride.  The  first  set,  cor- 
responding to  **  B  "  above,  is  as  follows : 

40.556 
40.568 
40.566 


Mean,  40.563 

In  the  second  set  ten  grammes  of  salt  were  taken  at  a  time,  and  the 
following  percentages  were  found : 

40.58 

40.59 
40.58 


Mean,  40.583 
Mean  of  all  as  one  series,  40.573,  dh  .0033 

The  chloride  used  in  the  series  of  estimations  last  given  was  subse- 
quently employed  for  ascertaining  the  ratio  between  it  and  the  sulphate. 
Converted  directly  into  sulphate,  100  parts  of  chloride  yield  the  quanti- 
ties given  in  the  third  column : 


5.942  grm.  SrCl,  gave  6.887  grm.  SrS04. 

5.941  «*  6.8855 

5.942  **  6.884 


"5.932 
115.949 
115.927 

Mean,  115.936,  db  .004 


Richards.*  in  his  study  of  strontium  bromide,  followed  pretty  much 
the  lines  laid  down  in  his  work  on  barium.  The  properties  of  the 
bromide  itself  were  carefully  investigated,  and  its  purity  established 
beyond  reasonable  doubt,  and  then  the  two  usual  ratios  were  deter- 
mined. First,  the  ratio  Ag, :  SrBr.^ :  :  100  :  z,  by  titration  with  standard 
solutions  of  silver.  For  this  ratio  there  are  three  series  of  measurements, 
by  varied  processes,  concerning  which  full  details  are  given.  The  data 
obtained,  with  weights  reduced  to  a  vacuum,  are  as  follows : 


First  Series,  . 

m.  Ag, 

IVt.  SrBr^. 

Ratio, 

1.30755 
2. 1035 1 

2.23357 
5.3684 

1.49962 
2.41225 

2.56153 
6.15663 

114.689 

114.677 
114.683 
114.683 

Mean,  114.683 

*  Proc.  Amer.  Acad,  of  Sciences,  1894,  p.  369. 


116 


THE   ATOMIC  WEIGHTS. 


1  'A 


^' 


1.30762 
2.10322 
4.57502 
5.3680 


Second  Serifs. 

1.49962 
2.41225 

5.24727 
6.15663 


Ratio, 
114.683 

I  "4.693 
114.694 
1 14.691 


Mean 

114.690 

Third  Series. 

2.5434 
3.3957 
3.9607 

4.5750 

2.9172 
3.8946 
4.5426 

5.2473 

114.697 
114.692 
1 14.692 
114.695 

Mean,  114.694 
Mean  of  all  as  one  series,  114.689,  ±  .0012 

For  the  ratio,  measured  gravimetrically,  2AgBr  :  SrBr, :  :  100  :  x,  two 
series  of  determinations  are  given : 


m,  AgBr. 

2.4415 
2.8561 

6.9337 


2.27625 
3.66140 
3.88776 
9.34497 


First  Series. 

WLSrBr^. 
1.6086 
1. 881 7 
4.5681 


Ratio. 
65.886 
65.884 
65.883 


Mean,  65.884 

Second  Series. 

1.49962 
2.41225 

2.56153 
6.15663 

65.881 
65.883 
65.887 
65.882 

Mean,  65.883 
Mean  of  all  as  one  series,  65.584,  ±z  .0006 

For  the  atomic  weight  of  strontium  we  now  have  the  subjoined  ratios : 

(I.)  Ag,  :  SrCl,  :  :  lOO  :  73.4725,  ±  .0048 

(2.)  Ag,  :  Sra,.6H,0  :  :  100  :  123.460,  d=  .0082 

(3.)  Per  cent.  H,0  in  SrCl,.6H,0,  40.573,  ±  .0033 

(4.)  SrCl,  :  SrSO^  :  :  100  :  115.936,  d:  .0040 


(5.)  Ag,  :  SrBr,  :  : 
(6.)  2AgBr  :  SrBr, 


100  :  114.689,  =b  .0012 
:  :  100  :  65.884,  ib  .OO06 


The  antecedent  values  are — 

O  =  15.879,  it:  .0003 
Ag=  107.108,  d=.oo3i 
Ci  =   35.179,  =b  .0048 


Br  =  79.344,  ifc  .0062 
S  =  31.828,  ±.0015 
AgBrr=  186.452,  rfc  .0054 
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For  the  molecular  weight  of  SrCl,  three  estimates  are  available : 

From  (I) SrCI,  =-  157.390,  zt  .01 12 

From  (2) ••      =  157.197,  rb. 0192 

From  (3)...    "      =  i57.>23,  ±.oiS7 

General  mean SrCl,  =  157.281,  di  .0083 

For  SrBr,  there  are  two  values : 

From  (5) SrBr,  =  245.682,  ±  .0076 

From  (6) **   =245.684,^.0075 

General  mean SrBr,  =  245.683,  i  .0053 

Finally,  with  these  intermediate  data  we  obtain  three  independent 
measures  of  the  atomic  weight  of  strontium,  as  follows : 

From  molecular  weight  SrCI, Sr  =  86.923,  dr  .0127 

From  molecular  weight  SrBr, **  =  S6.995,  d=  .0135 

From  ratio  (4) "  =  86.434,  ±  .081 1 

General  mean Sr  =  86.948,  ifc  .0092 

If  0  =  16,  Sr  —  87.610.  Rejection  of  the  third  value,  which  is  worth- 
less, raises  these  means  by  0.01  only.  The  second  value,  86.995,  which 
represents  Richards'  work,  is  undoubtedly  the  best  of  the  three. 


^ 
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BARIUM. 

For  the  atomic  weight  of  barium  we  Jiave  a  series  of  eight  ratios,  estab- 
lished by  the  labors  of  Berzelius,  Turner,  Struve,  Marignac,  Dumas,  and 
Richards.  Andrews  *  and  Salv6tat,t  in  their  papers  upon  this  subject, 
gave  no  details  nor  weighings,  and  therefore  their  work  may  be  properly 
disregarded.  First  in  order,  we  may  consider  the  ratio  between  silver 
and  barium  chloride,  as  determined  by  Pelouze,  Marignac,  Dumas,  and 
Richards. 

Pelouze,  X  in  1845,  made  the  three  subjoined  estimations  of  this  ratio, 
using  his  well  known  volumetric  method.  A  quantity  of  pure  silver  was 
dissolved  in  nitric  acid,  and  the  amount  of  barium  chloride  needed  to 
precipitate  it  was  carefully  ascertained.  In  the  last  column  I  give  the 
quantity  of  barium  chloride  proportional  to  100  parts  of  silver: 


3.860  grm.  BaCl,  ppt.  4.002  grm.  Ag. 
5.790  '*  6.003       ** 

2.895  '*  3001       '* 


96.452 
96.452 
96.468 

Mean,  96.4573,  db  .0036 


Essentially  the  same  method  was  adopted  by  Marignac  §  in  1848.  His 
experiments  were  made  upon  four  samples  of  barium  chloride,  as  fol- 
lows. A,  commercial  barium  chloride,  purified  by  recrystallization  from 
water.  B,  the  same  salt,  calcined,  redissolved  in  water,  the  solution 
saturated  with  carbonic  acid,  filtered,  and  allowed  to  crystallize.  C,'the 
preceding  salt,  washed  with  alcohol,  and  again  recrystallized.  D,  the 
same,  again  washed  with  alcohol.  For  100  parts  of  silver  the  following 
quantities  of  chloride  were  required,  as  given  in  the  third  column  : 


(3.A 
(6.3 


1.4445 

.7480 

..3446 

(4.3660 

^-  1  4.8390 

f  6.9200 

^'  I  5.6230 

'  5.8435 
8.57io 
4.8225 

^  6.8460 


D.  S 


BaClr 

3.3190 
3.6110 
6. 1 140 
4.1780 
4.6625 
6.6680 
5.4185 
5.6300 
8.2650 
4.6470 
6.5980 


Ratio, 

96.356^ 

96.345  Y  Mean,  96.354 

96.362) 


96.356") 
96.352  j 
96.358  j 
96.363  J 
96.346^ 
96.384 
96.361 
96.377  J 


Mean,  96.354 
Mean,  96.360 


Mean,  96.367 


Mean,  96.360,  ±.  .0024 


•  Chemical  Gazette,  October,  1852. 

tCompt.  Rend.,  17,  318. 

X  Corapt.  Rend.,  20,  1047.    Journ.  fur  Prakt.  Chera., 

g  Arch.  d.  Sci.  Phys.  et  Nat.,  8.  271. 
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Dumas*  employed  barium  chloride  prepared  from  pure  barium 
nitrate,  and  took  the  extra  precaution  of  fusing  the  salt  at  a  red  heat  in 
a  current  of  dry  hydrochloric  acid  gas.  Three  series  of  experiments 
upon  three  samples  of  chloride  gave  the  following  results  : 


A. 


B. 


1.8260 
3.9980 
2.2405 

^4.1680 
1.7270 
2.5946 
3.5790 
4.2395 
4.3683 
4.6290 

1,9.0310 

r  2.3835 

4.2930 

4.4300 

4.6470 

1 5.8520 


1.7585 
3.8420 
2.1585 
4.0162 
1.6625 

2.4987 
3.4468 
4.0822 
4.2062 
4.4564 
8.6975 
2.2957 
4.1372 
4.2662 
4.4764 
5.6397 


Ratio, 
96.303^ 
96.339 
96.340 

96.358  J 

96.265 

96.304 

96.306 

96.290 

96.289 

96.271 

96.307 

96.316^ 

96.371 

96.303 

96.329 

96.372 


Mean,  96.333 


Mean,  96.290 


Mean,  96.338 


Mean,  96.316,  ±  .0055 


The  work  done  by  Richards  t  was  of  a  much  more  elaborate  kind,  for 
it  involved  some  collateral  investigations  as  to  the  efifect  of  heat  upon 
barium  chloride,  etc.  Every  precaution  was  taken  to  secure  the  spectro- 
scopic purity  of  the  material,  which  was  prepared  from  several  sources, 
and  similar  care  was  taken  with  regard  to  the  silver.  For  details  upon 
these  points  the  original  paper  must  be  consulted.  As  for  the  titrations, 
three  methods  were  adopted,  and  a  special  study  was  made  with  refer- 
ence to  the  accurate  determination  of  the  end  point ;  in  which  particular 
the  investigations  of  Pelouze,  Marignac,  and  Dumas  were  at  fault.  In  the 
first  series  of  determinj^tions,  silver  was  added  in  excess,  and  the  latter 
was  measured  with  a  standard  solution  of  hydrochloric  acid.  The  end 
point  was  ascertained  by  titrating  backward  and  forward  with  silver 
solution  and  acid,  and  was  taken  as  the  mean  between  the  two  apparent 
end  points  thus  observed.  The  results  of  this  series,  with  weights  reduced 
to  vacuum  standards,  were  as  follows : 


Ag^ 

BaCl^, 

Ratto, 

6.1872 

5.9717 

96.517 

5.6580 

5.4597 

96.495 

3-5988 

3.4728 

96.499 

9.4010 

9.0726 

96.507 

.7»99 

.6950 

96.541 

Mean 

,  96.5 '2,  rb. 0055 

♦Ann.  Chem.  Pharra.,  113,  22.    i860, 
t  Proc.  Amcr.  Acad.,  29,  55.     1893. 


Ann.  Chim.  Phys.  (3),  55,  129. 
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In  the  second  series  of  experiments  a  small  excess  of  silver  was  added 
as  before,  and  the  precipitate  of  silver  chloride  was  removed  by  filtra- 
tion. The  filtrate  and  wash  waters  were  concentrated  to  small  bulk 
whereupon  a  trace  of  silver  chloride  was  obtained  and  taken  into  account. 
The  excess  of  silver  remaining  was  then  thrown  down  as  silver  bromide, 
and  from  the  weight  of  the  latter  the  silver  was  calculated,  and  sub- 
tracted from  the  original  amount. 

Ag.  BaCly  Ratio, 

6.59993  6.36974  96.512 

5.55229  536010  96.539 

406380  3-92244  96.522 


Mean,  96.524,  dt  .0054 

The  third  series  involved  mixing  solutions  of  barium  chloride  and 
silver  in  as  nearly  as  possible  equivalent  amounts,  and  then  determining 
the  actual  quantities  of  silver  and  chlorine  left  unprecipitated.  The 
filtrate  and  wash  waters  were  divided  into  two  portions,  one-half  being 
evaporated  with  hydrobromic  acid  and  the  other  with  silver  nitrate. 
The  small  amounts  of  silver  bromide  and  chloride  thus  obtained  were 
determined  bv  reduction  and  the  use  of  Volhard's  method  : 


Ag. 

BaCU. 

Ratio. 

4.4355 

4.2815 

96.528 

2.7440 

2.6488 

96.53' 

6.1865 

5.97'2 

96.520 

34023 

3.2841 

96.526 

Mean 

,  96.526, 

.0035 

Two  final  experiments  were  carried  out  by  Stas'  method,  somewhat  as 
in  the  first  series,  with  variations  and  greater  refinement  in  the  observa- 
tion of  the  end  point.     The  results  were  as  follows  : 

Ag,  BaCl^,  Ratio. 

6.7342  6.50022  96525 

10.6023  10.23365  96.523 

Mean,  96.524,  rfc  .0007 

A  careful  study  of  Richards'  paper  will  show  that,  although  the  last 
two  experiments  are  probably  the  best,  they  are  not  entitled  to  such  pre- 
ponderance of  weight  as  the  "probable  error"  here  computed  would 
give  them.  I  therefore  treat  Richards'  work  as  I  have  already  done  that 
of  Marignac  and  Dumas,  regarding  all  of  his  series  as  one,  which  gives  for 
the  value  of  the  ratio  96.520,  dz  .002t5.  This  combines  with  the  previous 
series  thus: 
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Pelouze 96.457,  ±  .0036 

Marignac 96.360,  zt  .0024 

Dumas 96.316,  ifc  .0055 

Richards 96.520,  ±  .0025 

General  mean 96.434,  d=  .0015 

The  ratio  between  silver  and  crystallized  barium  chloride  has  also 
been  fixed  by  Marignac*  The  usual  method  was  employed,  and  two 
series  of  experiments  were  made,  in  the  second  of  which  the  water  of  crys- 
tallization was  determined  previous  to  the  estimation.  Five  grammes  of 
chloride  were  taken  in  each  determination.  The  following  quantities  of 
BaCl,.2Hj,0  correspond  to  100  parts  of  silver : 

A.  -j  113135  y  Mean,  113.114 

fii3-i35) 

B.  }  113.122  V  Mean,  113. 106 
(113.060) 

Mean,  113.  no,  i  .0079 

The  direct  ratio  between  the  chlorides  of  silver  and  barium  has  been 
measured  by  Berzelius,  Turner,  and  Richards.  Berzeliusf  found  of 
barium  chloride  proportional  to  100  parts  of  silver  chloride — 

72.432 

72.422 

Mean,  72.427 

Turner  J  made  five  experiments,  with  the  following  results  : 

72.754 
72.406 
72.622 
72.664 
72.653 
Mean,  72.680,  d=  .0154 

Of  these,  Turner  regards  the  fourth  and  fifth  as  the  best ;  but  for 
present  purposes  it  is  not  desirable  to  so  discriminate. 

Richards'  determinations  §  fall  into  three  series,  and  all  are  character- 
ized by  their  taking  into  account  chloride  of  silver  recovered  from  the 
wash  waters.  In  the  first  series  the  barium  chloride  was  ignited  at  low 
redness  in  air  or  nitrogen  ;  in  the  second  series  it  was  fused  in  a  stream 
of  pure  hydrochloric  acid ;  and  in  the  third  series  it  was  not  ignited  at 
all.     In  the  last  series  it  was  weighed  in  the  crystallized  state,  and  the 

•  Tourn.  fQr  Prakt.  Chem.,  74,  212.    1858. 

t  Pojjgfcnd.  Annalen,  8,  177. 

t  Phil.  Trans.,  1829.  291. 

^  Proc.  Amer.  Acad.,  29.  55,  1893. 
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riis 


§m 


m 


1, 


amount  of  anhydrous  chloride  was  computed  from  the  data  so  obtained. 
The  data,  corrected  to  vacuum  standards,  are  as  follows : 

72.653 

72.654 

72.648    Y  Mean,  72.649 

72.646 

72.650 

72.650 

72.669    [  Mean,  72.6563 

72.650 

72.6524  ) 

72.6587  I  Mean.  72.6555 


A/rCL 

BaCI^. 

f  8.7673 

6.3697 

5.1979 

3.7765 

i  4.9342 

3.5846 

1 2.0765 

1.5085 

1 4.427 » 

3.2163 

r  2.09750 

<  7  37610 

(5.39906 

1.52384 

5.36010 

3.92244 

(8.2.89 

5.97123 

1  4  5199 

3.28410 

i 


Mean,  72.653,  d=  .0014 

If  we  assign  Berzelius'  work  equal  weight  with  that  of  Turner,  the 
three  series  representing  the  ratio  2AgCl  :  BaCl,  combine  as  follows  • 

Bcrzelius 72.427,  db  .0154 

Turner 72.680,  i  .0154 

Richards , 72.653,  ±  .0014 

General  mean 72.650,  i  .0014 

Incidentally  to  some  of  his  other  work,  Marignac*  determined  the 
percentage  of  water  in  crystallized  barium  chloride.  Two  sets  of  three 
experiments  each  were  made,  the  first  upon  five  grammes  and  the  socond 
upon  ten  grammes  of  salt.     The  following  are  the  percentages  obtained  : 

r  14.790) 

A.  J  14.796  >•  Mean,  14.795 
(14.800) 


r  14.80 ) 

B.  \  14.81     [• 
(14.80  3 


Mean,  14.803 


Mean,  14.799,  i  .0018 

The  ratio  between  barium  nitrate  and  barium  sulphate  has  been  de- 
termined only  by  Turner,  t  According  to  his  experiments  100  parts  of 
sulphate  correspond  to  the  following  quantities  of  nitrate : 

ri2.o6o 
1 1 1.990 
I '2.035 


Mean,  112.028,  rh  .014 

For  the  similar  ratio  between  barium  chloride  and  barium  sulphate, 
there  are  available  determinations  by  Turner,  Berzelius,  Struve,  Marignac, 
and  Richards. 


•  Journ.  far  Prakt.  Chem  ,  74.  312. 
tPhil.  Trans.,  1833.  538. 
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Turner*  found  that  100  parts  of  chloride  ignited  with  sulphuric  acid 
gave  112.19  parts  of  sulphate.  By  the  common  method  of  precipitation 
and  filtration  a  lower  figure  was  obtained,  because  of  the  slight  solubility 
of  the  sulphate.  This  point  bears  directly  upon  many  other  atomic 
weight  determinations. 

Berzelius,t  treating  barium  chloride  with  sulphuric  acid,  obtained 
the  following  results  in  BaSO^  for  100  parts  of  BaClj : 

II2.I7 

112.18 


Mean,  1 12. 175 

Struve,  X  in  two  experiments,  found  : 

112.0912 
112.0964 

Mean,  112.0938 

Marignac's  §  three  results  are  as  follows  : 
8.520  grm.  BaClj  gave  9.543  BaSO^. 


8.519 
8.520 


9-544 
9542 


Ratio,  T  12.007 
"  112.032 
**      1 1 1.995 


Mean,  112.011,  d:  .0071 


Richards,  in  his  work  on  this  ratio,  regards  the  results  as  of  slight 
value,  because  of  the  occlusion  of  the  chloride  by  the  sulphate.  This 
source  of  error  he  was  never  able  to  avoid  entirely.  Another  error  in 
the  opposite  direction  is  found  in  the  retention  of  sulphuric  acid  by  the 
precipitated  sulphate.  Eight  experiments  were  made  in  two  series,  one 
set  by  adding  sulphuric  acid  to  a  strong  solution  of  barium  chloride  in  a 
platinum  crucible,  the  other  by  precipitation  in  the  usual  way.  Rich- 
ards gives  in  his  published  paper  only  the  end  results  and  the  mean  of 
his  determinations  ;  the  details  cited  below  I  owe  to  his  personal  kind- 
ness.    The  weights  are  reduced  to  vacuum  standards : 

BaCly.  BaSO^,  Ratio. 

'1.78934  2.0056  112.086 

2.07670  2.3274  112.072 

1. 5831 1  i.774<  112.C64 

3.27563  3.67 »2  112.076 

3.02489  3.3903  112.080 

13.87091  4.3385  112.080 

1.02489  3.9726  112.076 

1.8709 1  3.4880  112.085 


First. 


Second 


f3.c 


Mean,  112.077,  =b  .0017 


♦  Phil.  Trans.,  1829.  291. 

t  Poggcnd.  Annalen,  8.  177. 

X  Ann.  Chem.  Pharm.,  80,  204.    185T. 

I  Journ.  fOr  Prakt.  Chem.,  74,  212.     1858. 
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This  mean  is  subject  to  a  small  correction  due  to  loss  of  chlorine  on 
drying  the  chloride,  which  reduces  it  to  112.073.  Omitting  Turner's 
single  determination  as  unimportant,  and  assigning  to  the  work  of  Ber- 
zelius  and  of  Struve  equal  weight  with  that  of  Marignac,  the  measure- 
ments of  this  ratio  combine  thus : 


ir:|l 

mi 


Berzelius 1 12.175,  d=  .0071 

Struve 112.094,  db  .0071 

Marignac 1 12.01 1,  it  .0071 

Richards 1 12.073,  ±  .0017 

General  mean 112.075,  dt  .0016 


In  an  earlier  paper  than  the  one  previously  cited,  Richards*  studied 
with  great  care  the  ratios  connecting  barium  bromide  with  silver  and 
silver  bromide.  The  barium  bromide  was  prepared  by  several  distinct 
processes,  its  behavior  upon  dehydration  and  even  upon  fusion  was 
studied,  and  its  specific  gravity  was  determined.  The  ratio  with  silver 
was  measured  by  titration,  a  solution  of  hydrobromic  acid  being  used 
for  titrating  back.  The  data  are  subjoined,  with  the  BaBr,  equivalent 
to  100  parts  of  silver  stated : 


1 


m 

IS;  J,  I 

,  11,^. i   j 


BaBry 

2.28760 
3.47120 
2.19940 
2.35971 
2.94207 
1. 61 191 
2.10633 
2. 19682 
2.37290 
1.84822 
5.66647 
3.52670 
4.31690 
3.36635 
3-46347 


Ag. 


Ratio. 


1.66074 

137.746 

2.52019 

137.736 

1.59687 

137.732 

I -7 « 323 

«37.735 

2.13584 

137.748 

I. 17020 

137.747 

1. 52921 

137.740 

2. 1 1 740 

>37.755 

1.72276 

137.738 

t.34175 

137.747 

4. 1 1360 

137.750 

2.56010 

137.756 

3.13430 

137731 

2.44385 

137.748 

2.51415 

137759 

Mean,  137.745, 

±.0015 


The  silver  bromide  in  most  of  these  determinations,  and  in  some  others, 
was  collected  and  weighed  in  a  Gooch  crucible  with  all  necessary  pre- 
cautions. Vacuum  standards  were  used  throughout  for  both  ratios.  I 
give  in  a  third  column  the  BaBr,  equivalent  to  100  parts  of  AgBr : 


\  Proc.  Amer.  Acad.,  a8.    1893. 
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2.28760 
347120 
3.81086 

2.35971 
2.94207 
2.10633 
2.91682 
2.37290 
1.84822 
1.90460 
5.66647 
3.52670 
2.87743 
3.46347 


AgBr. 

2.89026 

4.38635 
4.81688 
2.98230 

3.71809 
2.66191 
3.68615 
2.99868 
2.33530 
2.40733 
7.16120 

4.45670 
3.63644 
4.37669 


Ratio. 

79.149 
79.1.36 
79.133 
79.124 
79.129 
79.128 
79.129 
79.131 
79.143 
79.116 
79.127 
79.133 
79.127 
79.135 

Mean,  79.132,  ifc  .0015 


The  ratios  for  barium  now  sum  up  as  follows : 

(I.)   Ag,  :  BaCl,  :  :  lOO  :  96.434,  zfc  .0015 

(2.)  Ag,  :  BaCl,.2H,0  :  :  100  :  1 13. 1 10,  ±  .0079 

(3.)  2AgCI  :  BaCI,  :  :  100  :  72.650,  ±  .0014 

(4.)  Per  cent,  of  H,0  in  BaC],.2H,0,  14.799,  ±  0018 

(5.)  BaSO^  :  BaN,0,  :  :  100  :  112.028,  =b  .014 

(6.)  BaCI,  :  BaSO^  :  :  100  :  1 12.075,  ±  .0016 

(7.)  Ag,  :  BaBr,  :  :  lOO  :  137.745.  ±  .0015 

(8.)  2AgBr  :  BaBr,  :  :  100  :  79.132,  :+:  .0015 


The  reduction  of  these  ratios  depends  upon  the  subjoined  antecedent 
values : 


Ag=  107.108,  lb  .0031 
Cl  =  35.«79.  =fc.oo48 
»«•  =  79.344,  db  .0062 
O    =    15-879,  ±.0003 


N  =  13-935,  ±  0021 
S  =  31.828,  rb.0015 
AgCl  =  142.287,  i  .0037 
AgBr  =  J 86.452,  ±  .0054 


With  these  factors  four  estimates  are  obtainable  for  the  molecular 
weight  of  barium  chloride : 

From  (i) BaCI,  —  206.577,  di  .0068 

From  (2) **      =  206.542,  zh  .0183 

From  (3) •*    •  =  206.74.5,  rb  .0067 

From  (4) •*       =  205.866,  rb  .0257 

General  mean BaCI,  =  206.629,  zb  .0045 

For  barium  bromide  we  have : 

From  (7) BaBr,  =  295.070,  zb  .0091 

From  (8) "      =  295.086,  zb  .0102 

General  mean BaBr,  =  295.078,  zb  .0068 
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And  for  barium  itself,  four  values  are  finally  available,  thus : 

From  molecular  weight  BaCl, Ba  ^  136.271,  dt  .0106 

From  molecular  weight  BaBr, **  =  136.390,  dt  .0141 

From  ratio  (5) **  =  135.600,  rfc  .271 1 

From  ratio  (6) '*  =  136.563,  ifc  .0946 

General  mean Ba  =  136.315,  it  .0085 

Or,  if  0=16,  Ba=.  137.354. 

In  the  foregoing  computation  all  the  data,  good  or  bad,  are  included. 
Some  of  them,  as  shown  by  the  weights,  practically  vanish ;  but  others, 
as  in  the  chloride  series,  carry  an  undue  influence.  A  more  trustworthy 
result  can  be  deduced  from  Richards'  experiments  alone,  which  reduce 
as  follows : 

From  Ag,  :  BaCl, BaCl,  =  206.761,  i  .0080 

From  2AgCl  :  BaCl, "     =  206.754,  ifc  .0067 

General  mean BaCl,  =  206.755,  db  .0051 

From  the  bromide,  as  given  above,  Ba  =  136.390,  it  .0141.  From  the 
value  just  found  for  the  chloride,  Ba  =  136.397,  ±  .0109.  Combining 
the  two  values — 

Ba  —  136.392,  db  .0086. 

Or,  if  0  =  16,  Ba  =  137.434.  This  determination  will  be  adopted  in 
subsequent  calculations  as  the  most  probable. 
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For  the  atomic  weight  of  lead  we  have  to  consider  experiments  made 
upon  the  oxide,  chloride,  nitrate,  and  sulphate.  The  researches  of  Ber- 
zelius  upon  the  carbonate  and  various  organic  salts  need  not  now  he 
considered,  nor  is  it  worth  while  to  take  into  account  any  work  of  his 
done  before  the  year  1818.  The  results  obtained  by  Dobereiner*  and 
by  Longchampt  are  also  without  special  present  value. 

For  the  exact  composition  of  lead  oxide  we  have  to  depend  upon  the 
researches  of  Berzelius.  His  experiments  were  made  at  different  times 
through  quite  a  number  of  years  ;  but  were  finally  summed  up  in  the 
last  edition  of  his  famous  *'  Lehrbuch."  t  In  general  terms  his  method 
of  experiment  was  very  simple.  Perfectly  pure  lead  oxide  was  heated 
in  a  current  of  hydrogen,  and  the  reduced  metal  weighed.  From  his 
weighings  I  have  calculated  the  percentages  of  lead  thus  found  and 
given  them  in  a  third  column  : 


Earlier  Results. 

8.045  grm. 

PbO 

gave    7.46755'-"™. 

Pb. 

92.8217  per  cent. 

14.183 

13.165 

92.8224       " 

10.8645 

10.084        *' 

92.8160       *' 

13.1465 

12.2045       " 

92.8346       " 

21.9425 

20.3695       " 

92.8313       " 

".159 

10.359 
Latest. 

92.8309       *' 

6.6155 

(( 

6.141 

92.8275       •' 

14.487 

«t 

13.448        *♦ 

92.8280       ** 

14.626 

i< 

13.5775      *' 

928313       " 

Mean,  92.8271,  d=  .0013 

For  the  synthesis  of  lead  sulphate  we  have  data  by  Berzelius,  Turner, 
and  Stas.  Berzelius,  §  whose  experiments  were  intended  rather  to  fix 
the  atomic  weight  of  sulphur,  dissolved  in  each  estimation  ten  grammes 
of  pure  lead  in  nitric  acid,  then  treated  the  resulting  nitrate  with  sul- 
])huric  acid,  brought  the  sulphate  thus  formed  to  dryness,  and  weighed. 
One  hundred  parts  of  metal  yield  of  PbSO^ : 

146.380 
146.400 
146.440 
146.458 


Mean,  146.419,  ±l  .012 


*  Schweig.  Journ.,  17,  241.    1816. 
t  Ann.  Chim.  Phys.,  34,  105.     1827. 
t  Bd.  3,  s.  1218. 
\  Lehrbuch,  5th  ed.,  3,  1187. 


128  THE  ATOMIC   WEIGHTS. 

Turner,*  in  three  similar  experiments,  found  as  follows : 

146.430 
146.398 
146.375 

Mean,  146.401,  db  .on 

In  these  results  of  Turner's,  abaolule  weights  are  implied. 

The  results  of  Stas'  syntheses,t  effected  after  the  same  general  method, 
but  with  variations  in  details,  are  as  follows.  Corrections  for  weighing 
in  air  were  applied : 

146.443 
146.427 

146.419 
146.432 
146.421 

146423 

Mean,  146.4275,  rb  .0024 

Combining,  we  get  the  subjoined  result: 

Berzelius 146.419,    ±  .01 2 

Turner 146.401,    ±.oii 

Stas >46.4275,  i  .0024 

General  mean 146.4262,  ±:  .0023 

Turner,  in  the  same  paper,  also  gives  a  series  of  syntheses  of  lead  sul- 
phate, in  which  he  starts  from  the  oxide  instea^  of  from  the  metal.  One 
hundred  parts  of  PbO,  upon  conversion  into  PbSO^,  gained  weight  as 
follows : 

35.84 

35.71 

35.84 

35.75 

35.79 

35.78 

35.92 


Mean,  35.804,  ±  .018 

These  figures  are  not  wholly  reliable.  Numbers  one,  two,  and  three 
represent  lead  oxide  contaminated  with  traces  of  nitrate.  The  oxide  of 
four,  five,  and  six  contained  traces  of  minium.  Number  seven  was  free 
from  these  sources  of  error,  and,  therefore,  deserves  more  consideration. 
The  series  as  a  whole  undoubtedly  gives  too  low  a  figure,  and  this  error 
would  tend  to  slightly  raise  the  atomic  weight  of  lead. 

•Phil.  Trans..  1833.  527-538. 
t  Aronstein*s  translation,  333. 
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Still  a  third  series  by  Turner  establishes  the  ratio  between  the  nitrate 
and  the  sulphate,  a  known  weight  of  the  former  being  in  each  experi- 


ment converted  into  the  latter, 
of  nitrate: 


One  hundred  parts  of  sulphate  represent 


109.312 
109.310 
109.300 


Mean,  109.307,  ±  .002 

In  all  these  experiments  by  Turner  the  necessary  corrections  were 
made  for  weighing  in  air. 

In  1846  Marignac*  published  two  sets  of  determinations  of  only 
moderate  value.  First,  chlorine  was  conducted  over  weighed  lead,  and 
the  amount  of  chloride  so  formed  was  determined.  The  lead  chloride 
was  fused  before  weighing.     The  ratio  to  100  Pb  is  given  in  the  last 

column : 

20.506  grin.  PI)  gave  27.517  PbCl,.  134.190 

16.281  "  21.858     **  134.225 

25.454  "  34.149     *'  "34.159 


Mean,  134.1911  ±  01^ 

Secondly,  lead  chloride  was  precipitated  by  silver  nitrate  and  the  ratio 
between  PbCl,  and  2AgCl  determined.  The  third  column  gives  the  AgCl 
formed  by  100  parts  of  PbCl,  : 


12.534  grm.  PbCl,  gave  12.911  AgCl. 
14.052  •*  14.506      ♦* 

25.533  *'  26.399      •* 


103.01 
103.23 
'03.39 

Mean,  103.21,  ±  .0745 


For  the  ratio  between  lead  chloride  and  silver  we  have  a  series  of  re- 
sults by  Marignac  and  one  experiment  by  Dumas.  There  are  also  un- 
available data  by  Turner  and  by  Berzelius. 

MarignaCjt  applying  the  method  used  in  his  researches  upon  barium 
and  strontium,  and  working  with  lead  chloride  which  had  been  dried  at 
200**,  obtained  these  results.  The  third  column  gives  the  ratio  between 
PbCl,,  and  100  parts  of  Ag: 

4.9975  grm.  PbCI,  =  3.8810  grm.  Ag.  128.768 

4.9980     "      3.8835    *'  128.698 

5.0000     "      3.8835    ♦*  128.750 

5.0000     '*      3.8860    "  128.667 

Mean,  128.721,  ±  .016 
Dumas,t  in  his  investigations,  found  that  lead  chloride  retains  traces 

*Ann.  Chem.  Pharm.,  59,  2S9,  and  290.     1846. 
t  Journ.  fur  Prakt.  Chem.,  74,  218.     1858. 
t  Ann.  Chem.  Pharm.,  113,  35.     i860. 
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of  water  even  at  250°,  and  is  sometimes  also  contaminated  with  oxychlo- 
ride.  In  one  estimation  8.700  grammes  PbCl,  saturated  6.750  of  Ag. 
The  chloride  contained  .009  of  impurity ;  hence,  correcting,  Ag  :  PbCl, :  : 
100  :  128.750.  If  we  assign  this  figure  equal  weight  with  those  of  Marig- 
nac,  we  get  as  the  mean  of  all  128.7266,  db  .013.  The  sources  of  error  in- 
dicated by  Dumas,  if  they  are  really  involved  in  this  mean,  would  tend* 
slightly  to  raise  the  atomic  weight  of  lead. 

The  synthesis  of  lead  nitrate,  as  carried  out  by  Stas,*  gives  excellent 
results.  Two  series  of  experiments  were  made,  with  from  103  to  250 
grammes  of  lead  in  each  determination.  The  metal  was  dissolved  in 
nitric  acid,  the  solution  evaporated  to  dryness  with  extreme  care,  and 
the  nitrate  weighed.  All  weighings  were  reduced  to  the  vacuum  standard. 
In  series  A  the  lead  nitrate  was  dried  in  an  air  current  at  a  temperature 
of  about  155.°  In  series  B  the  drying  was  effected  in  vacuo.  100  of  lead 
yield  of  nitrate : 

A. 

159-973 
159.975 
159.982 

159-975 
159.968 

>  59.973 


Mean,  159.9743,  =b  .0012 


B. 


159.970 
159.964 

159.959 
159.965 

Mean,  159.9645,  rb  .0015 
Mean  from  both  series,  159.9704,  db  .0010 

There  is  still  another  set  of  experiments  upon  lead  nitrate,  originally 
intended  to  fix  the  atomic  weight  of  nitrogen,  which  may  properly  be 
included  here.  It  was  carried  out  by  Anderson  f  in  Svanberg's  labora- 
tory, and  has  also  appeared  under  Svanberg's  name.  Lead  nitrate  was 
carefully  ignited,  and  the  residual  oxide  weighed,  with  the  following 
results : 

5.19485  grm.  PbNjO,  gave  3.5017  grm.  PbO.  67.4071  per  cent. 

9-7244  "  6.5546         '♦  67.4037       *' 

9.2181  "  6.2134         *•  67.4044       •' 

9.6530  "  6.5057         ••  67.3957       •* 


Mean,  67.4027,  ±  .0016 


•  Aronstein^s  translation,  316. 

t  Ann.  Chim.  Phys.  (3),  9.  254,    1843. 
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We  have  now  nine  ratios  from  which  to  compute: 

(i.)  Per  cent,  of  Pb  in  PbO,  92.8271,  db  .0013 
(2.)   Per  cent  of  PbO  in  PbNjOg,  67.4027,  rb  .0016 
(3.)  Pb  :  PbSO^  :  ;  100  :  146.4262,  ±.  .0023 
(4.)   PbO  :  PbSO^  :  :  100  :  135.804,  rb  .0180 
(5.)   PbSO^  :  PbN,Og  :  :  100  :  1 09. 307,  di  .0020 
(6.)   Pb  :  PbNjOg  :  :  100  :  159.9704,  zt  .0010 
(7.)  Pb  :  PbCl,  :  :  100  :  134.191,  ±  .0'3 
(8.)  PbCI,  :  2AgCl  :  :  100  :  103. 21,  db  .0745 
(9.)  Ag,  :  PbClj  :  :  100  :  128.7266,  ±  .0130 

To  reduce  these  ratios  we  must  use  the  following  data : 

O   =   15.879,  dt  .0003  S       =  31.828,  rb  .0015 

Ag=  107.108,  rb  .0031  N        =     13.935,  ±  .0021 

CI  =    35179,^.0048  AgCl=  142.287,  ±.0037 

For  the  molecular  weight  of  lead  oxide  we  now  get  three  estimates : 

From  (I) PbO  =  221.375,  ±  .0403 

From  (2) **    =221.796,^1.0132 

From  (4).. ♦ "     =-221.944,  rb  .1116 

General  mean PbO  =  221.757,  ±  .0125 

For  lead  chloride  we  have — 

From  (8) PbCI,  =  275.723,  rb  .  1989 

From  (9) *•     =  275.753,  ±  .0290 

General  mean PbCI,  =  275.752,  d=  .0287 

Including  these  results,  six  values  are  calculable  for  the  atomic  weight 
of  lead : 

From  molecular  weight  of  PbO Pb  =  205.878,  rb  .0126 

From  molecular  weight  of  PbCl, "   =  205.394,  rb  .0302 

From  (3) "   =  205.367,  =b  .0051 

From  (5) ♦*   =  203.352,  rb  .0479 

From  (6) "    =  205.341,  rb  .0068 

From  (7) **    =  205.779,  rb  .0831 

General  mean Pb  =  205.395,  rb  .0038 

If  0=  16,  Pb  =  206.960.  If  we  reject  the  first,  fourth,  and  sixth  of 
these  values,  which  are  untrustworthy,  the  remaining  second,  third,  and 
fifth  give  a  general  mean  of  Pb  =  205.358,  ±  .0040.  If  O  =  16,  this 
becomes  Pb  =  206.923.  From  Stas'  ratios  alone  Stas  calculates  Pb  = 
206.918  to  206.934 ;  Ostwald  finds  206.911 ;  Van  der  Plaats  (A),  206.9089, 
(B),  206.9308,  and  Thomsen  206.9042.  The  value  adopted  here  repre- 
sents mainly  the  work  of  Stas,  and  with  H  =  1  is 

Pb  =  205.358,  dr. 0040. 
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GLUCINUM. 

Our  knowledge  of  the  atomic  weight  of  glucinum  is  chiefly  derived 
from  experiments  made  upon  the  sulphate.  Leaving  out  of  account  the 
single  determination  by  Berzelius,  *  we  have  to  consider  the  data  fur- 
nished by  Awdejew,  Weeren,  Klatzo,  Debray,  Nilson  and  Pettersson,  and 
Kriiss  and  Moraht. 

Awdejew,  f  whose  determination  was  the  earliest  of  any  value,  analyzed 
the  sulphate.  The  sulphuric  acid  was  thrown  down  as  barium  sulphate ; 
and  in  the  filtrate,  from  which  the  excess  of  barium  had  been  first  re- 
moved, the  glucina  was  precipitated  by  ammonia.  The  figures  which 
Awdejew  publishes  represent  the  ratio  between  SOj  and  GIO,  but  not 
absolute  weights.  As,  however,  his  calculations  were  made  with  SO,  = 
501.165,  and  Ba  probably  =  855.29,  we  may  add  a  third  column  showing 
how  much  BaSO^  is  proportional  to  100  parts  of  GIO : 

SOy  GIO.  Ratio. 

4457  1406  921.242 

4531  1420  927.304 

7816  2480  915.903 

12880  4065  920  814 

Mean,  921.316,  ±  I.S77 

The  same  method  was  followed  by  Weeren  and  by  Klatzo,  except  that 
Weeren  used  ammonium  sulphide  instead  of  ammonia  for  the  precipita- 
tion of  the  glucina.  Weeren  J  gives  the  following  weights  of  GIO  and 
BaSO^.  The  ratio  is  given  in  a  third  column,  just  as  with  the  figures  by 
Awdejew : 

GIO.  BaSO^.  Ratio. 

^z^^z  2.9332  927.031 

.2872  2.6377  918  419 

.2954  2.7342  925.592 

.5284  4.8823  902.946 

Mean,  918.497,  ±  3.624 

Klatzo'8§  figures  are  as  follows,  with  the  third  column  added  by  the 

writer: 

GIO.  BaSO^.  Ratio. 

.2339  2.1520  920.052 

.1910  1.7556  919.162 

.2673  2.4872  930.490 

•3585  3.3115  923.7»o 

.2800  2.5842  922.989 


Mean,  923.281,  =fc  1.346 


*  Poggend.  Annal.,  8,  i. 
t  Poggend.  Annal.,  56,  106.     1842. 
I  Poggend.  Annal.,  92,  124.    1854. 
I  Zeitschr.  Anal.  Chem..  8,  523.     1869. 
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Combining  these  series  into  a  general  mean,  we  get  the  subjoined  result : 

Awdejew ^ 921.316,  ±  1.577 

Weeren 918.497,  ±  3.624 

Klatzo  .  .^ 923.281,  lb  1.346 

General  mean 922. 1 64,  ±  0.985 

Hence  GIO  =  25.130,  ±  .0269. 

Debray*  analyzed  a  double  oxalate  of  glucinum  and  ammonium, 
Gl(NH^)jQOg.  In  this  the  glucina  was  estimated  by  calcination,  after 
first  converting  the  salt  into  nitrate.  The  following  percentages  were 
found : 

11.5 
II. 2 
11.6 

Mean,  11.433.  =b  .081 

The  carbon  was  estimated  by  an  organic  combustion.  I  give  the 
weights,  and  put  in  a  third  column  the  percentages  of  CO,  thus  obtained : 

SaU.  CO^,  Percent.  CO^. 

.600  .477  79  500 

.  .603  .478  79.270 

.600  .477  79.5CX) 

Mean,  79.423,  ±.052 

Calculating  the  ratio  between  CO,  and  GIO,  we  have  for  the  molecular 
weight  of  the  latter,  GIO  =  25.151,  ±  .1783. 

In  1880  the  careful  determinations  of  Nilson  and  Pettersson  appeared.f 
These  chemists  first  attempted  to  work  with  the  sublimed  chloride  of 
glucinum,  but  abandoned  the  method  upon  finding  the  compound  to 
be  contaminated  with  traces  of  lime  derived  from  a  glass  tube.  They 
finally  resorted  to  the  crystallized  sulphate  as  the  most  available  salt 
for  their  purposes.  This  compound,  upon  strong  ignition,  yields  pure 
glucina.    The  data  are  as  follows : 

GlSO^.iH^O,  GIO,  Per  cent,  GIO, 

3.8014  .5387  14.171 

2.6092  -3^97  14.169 

4.3072  .6099  14.160 

3.0091  .4266  14.176 

Mean,  14.169,  ±  .0023 

Kriiss  and  Moraht  J  in  their  work  follow  the  general  method  adopted 

♦Ann.  Chim.  Phys.  (3^  44,  37.     1855. 

t  Bcrichte  d.  Dcutsch.  Chcm.  Gesell.,  13,  1451.     1880. 

J  Ann.  d.  Chem..  262,  38.     1891. 
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by  Nilson  and  Pettereson,  but  with  various  added  precautions  and  greater 
elaboration  of  detail.  Their  glucina  was  derived  from  three  sources, 
namely,  leucophane,  beryl,  and  gadolinite,  and  the  sulphate  was  repeat- 
edly recrystallized.    The  results  are  subjoined : 


GlS0,.4//^0. 

GIO, 

Percent,  GIO. 

21.1928 

3.0008 

14.160 

16.20J8 

2.29455 

14. 161 

15.49345 

2.1902 

14.136 

20.1036 

2.8433 

14.143 

22.0465 

3. 1 167 

"4.137 

4,9619 

.7019 

14. '46 

18.3249 

2.5921 

14.145 

24.3907 

3.0253 

14.143 

20.18045 

2.85255 

14.135 

20.0253 

2.8328 

14.146 

18.9840 

2.6832 

14.134 

17.0072 

2.4073 

"4.155 

22.5044 

3.«8o5 

14.133 

20.88675 

2.9564s 

M.154 

19.0591 

2.69305 

14.130 

17.8227 

2.5226 

>4.'53 

Mean,  14.144,  ±.0017 

The  first  two  determinations,  which  give  the  highest  percentage,  were 
made  upon  sulphate  thrice  crystallized.  The  others  were  made  upon  a 
salt  four  times  crystallized,  except  in  one  instance,  when  there  were  five 
crystallizations.  To  the  data  derived  from  the  four  times  crystallized 
compound  Kriiss  and  Moraht  give  preference,  and  so  find  a  slightly 
lower  value  for  the  atomic  weight  of  glucinum.  Combining,  we  have  for 
the  mean  percentage : 

By  Nilson  and  Pettersson 14. 169,  ±.  .0023 

By  Kriiss  and  Moraht 14. 144,  ±  .0017 

General  mean 14.'53,  ±  .0014 

Taking  now  all  the  data  for  glucinum,  we  have — 

(I.)  GIO  :  BaSO^  :  :  100:  922.164,  ±  .985 

(2.)  4CO,  :  GIO  :  :  79423,  db  .0052  :  1 1.433,  ±  081 

(3.)  PercenUge  of  GIO  in  G1S04.4H,0,  I4.<53,  ±0014 


The  antecedent  atomic  weights  are — 

O  =  15.879,  ±:  .0003 
S  =  31.828,  dr  .0015 


C    =     11.920,  dr  .0004 
Ba  --=  136.392,  d=  .0086 
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Hence  the  subjoined  values  for  glucina : 

From  (i) GIO  =  25. 130,  ±:  .0269 

From  (2) **    =25.151,  ±.1783 

From  (3) ••    =  24.891,  4r  .0025 

General  mean GIO  =  24.893,  ±  .0025 

And  Gl  =   9.014,  dtz  .0025 

If  O  =  16,  Gl  =  9.083. 

All  the  values  but  that  derived  from  the  third  ratio  might  obviously 
be  rejected.    Their  influence  upon  the  final  mean  is  altogether  trivial. 


MAGNESIUM. 


There  is  perhaps  no  common  metal  of  which  the  atomic  weight  has 
been  subjected  to  closer  scrutiny  than  that  of  magnesium.  The  value 
is  low,  and  its  determination  should,  therefore,  be  relatively  free  from 
many  of  the  ordinary  sources  of  error ;  it  is  extensively  applied  in  chem- 
ical analysis,  and  ought  consequently  to  be  accurately  ascertained. 
Strange  discrepancies,  however,  exist  between  the  results  obtained  by 
difierent  investigators ;  so  that  the  generally  accepted  figure  cannot  be 
regarded  as  absolutely  free  from  doubt. 

The  early  determinations  made  by  Berzelius,  Longchamp,  and  Gay- 
Lussac  need  not  be  considered  here,  as  they  have  only  antiquarian  value. 
The  investigations  which  demand  attention  are  those  of  Scheerer,  Svan- 
berg  and  Nordenfeldt,  Jacquelain,  Macdonnell,  Bahr,  Marchand  and 
Scheerer,  Dumas,  Marignac,  Burton  and  Vorce,  and  Richards  and  Parker. 

Scheerer's  method  of  investigation  was  exceedingly  simple.^  He 
merely  estimated  the  sulphuric  acid  in  anhydrous  magnesium  sulphate, 
employing  the  usual  process  of  precipitation  as  barium  sulphate.  He 
gives  no  weighings,  but  reports  the  percentages  of  SO,  thus  found.  In 
his  calculations,  O  =  100,  SO,  =  500.75,  and  BaO  =  955.29.  It  is  easy, 
therefore,  ta  recalculate  the  figures  which  he  gives,  so  as  to  establish 
what  his  method  really  represents,  viz.,  the  ratio  between  the  sulphates 
of  barium  and  magnesium. 

Thus  revised,  his  four  analyses  show  that  100  parts  of  MgSO^  yield 
the  following  quantities  of  BaSO^ : 

'93.575  66.573 

193.677  66.608 

193.767  -66.639 

193.631  66.592 

Mean,  193.6625,  rfc  .0274 

♦  Poggend.  Annalen,  69,  535.    1846. 
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In  a  later  note  *  Scheerer  shows  that  the  barium  sulphate  of  these  ex- 
■'  periraents  carries  down  with  it  magnesium  salts  in  such  quantity  as  to 

make  the  atomic  weight  of  magnesium  0.039  too  low. 

The  work  of  Bahr,  Jacquelain,  Macdonnell,  and  Marignac,  and  in  part 
that  of  Svanberg  and  Nordenfeldt,  also  relates  to  the  composition  of 
magnesium  sulphate. 
E  Jacquelain's  experiments  were  as  follows :  t  l^ry  magnesium  sulphate 

was  prepared  by  mixing  the  ordinary  hydrous  salt  to  a  paste  with  sul- 
phuric acid,  and  calcining  the  mass  in  a  platinum  crucible  over  a  spirit 
lamp  to  constant  weight  and  complete  neutrality  of  reaction.  This  dry 
sulphate  was  weighed  and  intensely  ignited  three  successive  times.  The 
weight  of  the  residual  MgO  having  been  determined,  it  was  moistened 
with  sulphuric  acid  and  recalcined  over  a  spirit  lamp,  thus  reproducing 
the  original  weight  of  MgSO^.  Jacquelain's  weighings  for  these  two 
experiments  show  that  100  parts  of  MgO  correspond  to  the  quantities 
of  MgSO^  given  in  the  last  column : 

1.466  grm.  MgSO^  gave    .492  grin.  MgO.  297.968 

.492     **     MgO        "     1.466     '«     MgSO^.  297.968 

Jacquelain  also  made  one  estimation  of  sulphuric  acid  in  the  foregoing 
sulphate  as  BaSO,.  His  result  (1.464  grm.  MgSO,  =  2.838  grra.  BaSOj, 
reduced  to  the  standard  adopted  in  dealing  with  Scheerer's  experiments, 
gives  for  100  parts  of  MgSO,,  193.852  BaSO,.  If  this  figure  be  given  equal 
weight  with  a  single  experiment  in  Scheerer's  series,  and  combined  with 
the  latter,  the*  mean  will  be  193.700,  =b  .0331.     This  again  is  subject  to 

I  the  correction  pointed  out  by  Scheerer  for  magnesium  salts  retained  by 

.;  the  barium  sulphate,  but  such  a  correction  determined  by  Scheerer  for 

a  single  experiment  is  only  a  rough  approximation,  and  hardly  worth 
applying. 

The  determinations  published  by  MacdonnellJ  are  of  slight  impor- 

'i  tance,  and  all  depend  upon  magnesium  sulphate.     First,  the  crystallized 

salt,  MgSO^.THjO,  was  dried  in  vacuo  over  sulphuric  acid  and  then  de- 

jj  hydrated  at  a  low  red  heat.     The  following  percentages  of  water  were 

found : 

51. »7 

51.26 
51.28 
51.29 

\  Mean,  51.21,  dr  .020 

I  ♦  PoRgend.  Annalen,  70,  407. 

t  Ann.  Chira.  Phys.  (3),  32.  202. 

X  Proc.  Royal  Irish  Acad.,  5,  303.     British  Association  Report,  1852.  part  2,  p.  36. 
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Secondly,  anhydrous  magnesium  sulphate  was  precipitated  with  ba- 
rium chloride.  From  the  weight  of  the  barium  sulphate,  with  SO,  = 
80  and  Ba  =  137,  Macdonnell  computes  the  percentages  of  SO,  given 
below.  I  calculate  them  back  to  the  observed  ratio  in  uniformity  with 
Scheerer's  work : 


Percent.  SO^. 
66.67 

66.73 
66.64 
66.65 
66.69 


'94.177 
'94.351 
194.089 
194. 1 18 
194.239 


In  another  experiment  60.05  grains  MgSO^  gave  116.65  grains  BaSO^, 
a  ratio  of  100  :  194.254.  Including  this  with  the  preceding  figures,  they^ 
give  a  mean  of  194.205,  ±  .027.  This,  combined  with  the  work  of 
Scheerer  and  Jacquelain,  193.700,  di  .033,  gives  a  general  mean  of — 

MgSO^  :  BaSO^  :  :  100  :  194.003,  ±  .021. 

In  one  final  experiment  Macdonnell  found  that  41.44  grains  of  pute 
magnesia  gave  124.40  grains  of  MgSO^,  or  300.193  per  cent. 

Bahr's  *  work  resembles  in  part  that  of  Jacquelain.  This  chemist 
converted  pure  magnesium  oxide  into  sulphate,  and  from  the  increase 
in  weight  determined  the  composition  of  the  latter  salt.  From  his  weigh- 
ings 100  parts  of  MgO  equal  the  amounts  of  MgSO^  given  in  the  third 
column : 

1.6938  grai.  MgO  gave  5.0157  grm.  MgSO^.  296.122 

2.0459  "  6.0648  •*  296.437 

1.0784  *•  3. '925  "  296.040 

Mean,  296.200,  dr  .0815 

About  four  years  previous  to  the  investigations  of  Bahr  the  paper  of 
Svanberg  and  Nordenfeldt  t  appeared.  These  chemists  started  with  the 
oxalate  of  magnesium,  which  was  dried  at  a  temperature  of  from  100° 
to  105**  until  it  no  longer  lost  weight.  The  salt  then  contained  two 
molecules  of  water,  and  upon  strong  ignition  it  left  a  residue  of  MgO. 
The  percentage  of  MgO  in  the  oxalate  comes  out  as  follows  : 


7.2634  grm.  oxalate  gave  1.9872  grm.  oxide. 
6.3795  '•  1.7464 

6.3653  "  I. 7418 

6.2216  "  1.7027         ** 


27.359  per  cent. 

27.37s       " 
27.364       «' 

27.368       '• 


Mean,  27.3665,  dz  .0023 


•  Journ.  fQr  Prakt.  Chcm.,  56,  310.    1852. 
t  Journ.  fQr  Prakt.  Chem.,  45,  473.     1848. 
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In  three  of  these  experiments  the  MgO  w^  treated  with  H^SO^,  and 
converted^  as  by  Jacquelain  and  by  Bahr  in  their  later  researches,  into 
MgSO^.     One  hundred  parts  of  MgO  gave  of  MgSO^  as  follows : 


1.9872  grni.  MgO  gave  5.8995  grm.  MgSO^. 

1.7464  **  5->783 

1. 7418  "  5.1666  '* 


296.875 
296.513 
296.624 

Mean,  296.671,  db  .072 


In  1850  the  elaborate  investigations  of  Marchand  and  Scheerer  *  ap- 
peared. These  chemists  undertook  to  determine  the  composition  of 
some  natural  magnetites,  and,  by  applying  corrections  for  impurities,  to 
deduce  from  their  results  the  sought-for  atomic  weight.  The  magnesite 
chosen  for  the  investigation  was,  first,  a  yellow,  transparent  variety  from 
Snarum ;  second,  a  white  opaque  mineral  from  the  same  locality ;  and, 
third,  a  very  pure  quality  from  Frankenstein.  In  each  case  th«  im- 
purities were  carefully  determined  ;  but  only  a  part  of  the  details  need 
be  cited  here.  Silica  was  of  course  easily  corrected  for  by  simple  sub- 
traction from  the  sum  of  all  of  the  constituents ;  but  iron  and  calcium^ 
when  found,  having  been  present  in  the  mineral  as  carbonates,  required 
the  assignment  to  them  of  a  portion  of  the  carbonic  acid.  In  the  atomic 
weight  determinations  the  mineral  was  first  dried  at  300°.  The  loss  in 
weight  upon  ignition  was  then  carbon  dioxide.  It  was  found,  however, 
that  even  here  a  correction  was  necessary.  Magnesite,  upon  drying  at 
300**,  loses  a  trace  of  CO,,  and  still  retains  a  little  water ;  on  the  other 
hand,  a  minute  quantity  of  CO,  remains  even  after  ignition.  The  CO, 
expelled  at  300**  amounted  in  one  experiment  to  .054  per  cent. ;  that 
retained  after  calcination  to  .055  per  cent.  Both  errors  tend  in  the  same 
direction,  and  increase  the  apparent  percentage  of  MgO  in  the  magnesite. 
On  the  yellow  mineral  from  Snarum  the  crude  results  are  as  follows, 
giving  percentages  of  MgO,  FeO,  and  CO,  after  eliminating  silica: 

CO^.  MgO.  FeO, 

51.8958  47.3278  .7764 

51.8798  47.3393  .7809 

5>.8734  47.3»54  .8112 

5<.«875  47.3372  .7753 

Mean,  47.3299,  ±  .0037 

After  applying  corrections  for  loss  and  retention  of  CO,,  as  previously 
indicated,  the  mean  results  of  the  foregoing  series  become — 

CO^,  MgO,  FeO, 

5I.993"  47.2743  .7860 

The  ratio  between  the  MgO  and  the  CO^,  after  correcting  for  the  iron, 
will  be  considered  further  on. 


•  Journ.  frtr  Prakt.  Chem.,  50,  385. 
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Of  the  white  magnesite  from  Srtarum.but  a  single  analysis  was  made, 
which  for  present  purposes  ipay  be  ignored.  Concerning  the  Franken- 
stein mineral  three  series  of  analyses  were  executed.  In  the  first  series 
the  following  results  were  obtained  : 


8.996  grm.  COj  =  8.2245  grni.  MgO. 

7960  •*  7.2775 

9.3265  ♦*  8.529  " 

7.553  "  6.9095 


47.760  per  cent.  MgO. 

47.761 

47.767 

47.775 


I  give 


Mean,  47.766,  ±  .0022 

This  mean,  corrected  for  loss  of  COj  in  drying,  becomes  47.681. 
series  second  with  corrections  applied : 

6.8195  g"".  MgCO,  gave  3.2500  grm.  MgO.  47.658  per  cent. 

-    -  u  47.628  " 

47.599  " 
.     47.650       ** 

47.674  ** 
47.663  " 

47.675  " 

Mean,  47.650,  di  .0069 

The  third  series  was  made  upon  very  pure  material,  so  that  the  cor- 
rections, although  applied,  were  less  influential.  The  results  were  as 
follows : 


1 1. 3061 

5.3849 

9.7375 

4.635 

12.3887 

5.9033 

32.4148 

15.453 

38.8912 

18.5366 

26.5223 

12.6445 

4.2913  grm.  MgCO,  gave   2.0436  grm.  MgO. 
27.8286  «*  13.2539 

14.6192  **  6.9692         ** 

18.3085  •*  8.7237 


47.622  per  cent. 
47.627       " 
47.672       •* 
47.648       " 


Mean,  47.642,  dr  .0077 

In  a  supplementary  paper*  by  Scheerer,  it  was  shown  that  an  impor- 
tant correction  to  the  foregoing  data  had  been  overlooked.  Scheerer,  re- 
examining the  magnesites  in  question,  discovered  in  them  traces  of  lime, 
which  had  escaped  notice  in  the  original  analyses.  With  this  correction 
the  two  magnesites  in  question  exhibit  the  following  mean  composition  : 


Snarum. 

CO2 *. 52.13" 

MgO 46.663 

CaO 430 

FeO 776 


Frankenstein. 

52.338 

47.437 

•225 


Correcting  for  lime  and  iron,  by  assigning  each  its  share  of  CO,,  the 
Snarum  magnesite  gives  as  the  true  percentage  of  magnesia  in  pure 


'Ann.  d.  Chem.  und  Pharm.,  no,  240. 
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magnesium  carbonate,  the  figure  47.624.  To  this,  without  serious  mis- 
take, we  may  assign  the  weight  indicated  by  the  probable  error,  ±:  .0037, 
the  quantity  i)reviously  deduced  from  the  i)ercentages  of  MgO  given  in 
the  uncorrected  analyses. 

From  the  Frankenstein  mineral,  similarly  corrected,  the  final  mean 
percentage  of  MgO  in  MgCO,  becomes  47.628.  This,  however,  represents 
three  series  of  analyses,  whose  combined  probable  errors  may  be  prop- 
erly assigned  to  it.     The  combination  is  as  follows : 

±  .0022 
dr .0069 
^.0077 

Result,  ±  .0020,  probable  error  of  the  general  mean. 

We  may  now  combine  the  results  obtained  from  both  magnesites:        ■ 

Snarum  mineral Per  cent.  MgO,  47.624,  :t  .0037 

Frankenstein  mineral **  47.628,  dr  .0020 

General  mean Per  cent.  MgO,  47.627,  ±  .0018 

Tlie  next  investigation  upon  the  atomic  weight  of  magnesium  which 
we  have  to  consider  is  that  of  Dumas.  *  Pure  magnesium  chloride  was 
placed  in  a  boat  of  platinum,  and  ignited  in  a  stream  of  dry  hydrochloric 
acid  gas.  The  excess  of  the  latter  having  been  expelled  by  a  current  of 
dry  carbon  dioxide,  the  platinum  boat,  still  warm,  was  placed  in  a  closed 
vessel  and  weighed  therein.  After  weighing,  the  chloride  was  dissolved 
and  titrated  in  the  usual  manner  with  a  solution  containing  a  known 
quantity  of  pure  silver.  The  weighings  which  Dumas  reports  give,  as 
proportional  to  100  parts  of  silver,  the  quantities  of  MgCl,  stated  in  the 
third  column : 

2.203  grm.  MgCI,  =  4.964  grm.  Ag.  44*3^0 

2.5215  •*  5.678  "  44.408 

2.363  **  5-325  "  44.376 

3994  **  9.012  **  44.319 

2.578  "  5.834  *•  44.189 

2.872  *•  6.502  *'  44.171 

2.080  **  4.710  •'  44.161 

2.214  "  5.002  •*  44.262 

2.086  *'  4.722  *♦              ,         44.^76 

1.688  *•  3.823  "  44.154 

^1.342  •'  3.031  "  44.276 

Mean,  44.261,  i  .020 

This  determination  gives  a  very  high  value  to  the  atomic  weight  of 
magnesium,  which  is  unquestionably  wrong.  The  error,  probably,  is 
due  to  the  presence  of  oxychloride  in  the  magnesium  chloride  taken,  an 

•Ann.  Chera.  Pharm.,  113,  33.    i860. 
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impurity  tending  to  raise  the  apparent  atomic  weight  of  the  metal. 
Richards'  and  Parker's  revision  of  this  ratio  is  more  satisfactory. 

Marignac,*  in  1883,  resorted  to  the  old  method  of  determination,  de- 
pending upon  the  direct  ratio  between  MgO  and  SO,.  This  ratio  he 
measured  both  synthetically  and  analytically.  First,  magnesia  from 
various  sources  was  converted  into  sulphate.  The  MgSO^  from  100  parts 
of  MgO  is  given  in  the  third  column : 

^fgO,  MgSO^,  Ratio. 

I '.5635  4.6620  298.17 

2 1.4087  4.2025  298.32 

3 '•59«7  4.7480  298.30 

4 -. 1.4705  43855  298.23 

5 "4778  4.4060  298.15 

6 f.6267  4.8530  298.33 

7 1.3657  4.0740  298.37 

8 1.9575  5-8390  298.29 

9 1.6965  5.0600  298.26 

10 1.8680  5.57'5  298.26 

Mean,  298.27,  ±  .0149 

The  magnesia  for  experiments  1  to  5  was  prepared  by  calcination  of 
the  nitrate,  that  of  6  to  8  from  the  sulphate,  and  the  remaining  two  from 
the  carbonate.  But  Richards  and  Rogers  f  have  shown  that  magnesia 
derived  from  the  nitrate  always  contains  occluded  gaseous  impurity,  so 
that  the  experiments  depending  upon  its  use  are  somewhat  questionable. 
The  results  tend  to  give- an  atomic  weight  for  magnesium  which  is  pos- 
sibly too  high.  Whether  the  other  samples  of  magnesia  are  subject  to 
similar  objections  I  cannot  say. 

Marignac 's  second  series  was  obtained  by  the  calcination  of  the  sul- 
phate, with  results  as  follows : 

MgSO^.  MgO,  Ratio, 

3.7705  1.2642  298.25 

4.7396  1.5884  298.39 

3.3830  1.1345  298.19 

4.7154  1.5806  298.33 

4.5662  1.5302  298.43 

4.5640  1.5300  298.30 

3.2733  1.0979  298.14 

4.8856  1.6378  298.30 

5.^x592  1.6792  298.31 

5.3396  1.7898  298.33 

5.1775  1.7352  298.38 

5.0126  1.6807  298.24 

5.0398  1.6894  298.32 

Mean,  298  30,  dr  .0150 

•  Arch.  Sci.  Phys.  ct  Nat.  (3),  10,  ao6. 
^  Am.  Chem.  Journ.,  15,  567.    1893. 
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These  data  may  now  be  combined  with  the  work  of  previous  investi- 
gators, giving  Macdonnell's  one  result  and  Jacquelain's  two,  each  equal 
weight  with  a  single  experiment  in  Bahr's  series: 

Macdonnell 300.193,  db  .1413 

Jacquelatn 297.968,  dt  .0999 

Bahr 296.200,  ±  .0815 

Svanberg  and  Nordenfeldt 296.671,  dr  .0720 

Marignac,  synthetic 298.27,    d:  .0149 

Marignac,  calcination 298.30,    ±.0150 

General  mean 298.210,  ±  .0103 

Burton  and  Vorce  *  who  published  their  work  on  magnesium  in  1890, 
started  out  with  the  metal  itself,  which  had  been  purified  by  distillation 
in  a  Sprengel  vacuum.  This  metal  was  dissolved  in  pure  nitric  acid, 
and  the  resulting  nitrate  was  converted  into  oxide  by  calcination  at  a 
white  heat.  The  oxide  was  carefully  tested  for  oxides  of  nitrogen,  which 
were  proved  to  be  absent,  but  occluded  gases,  the  impurity  pointed  out 
by  Richards  and  Rogers,  were  not  suspected.  This  impurity  must  have 
been  present,  and  it  would  tend  to  lower  the  ai)parent  atomic  weight  of 
magnesium  as  calculated  from  the  data  obtained.  The  results  were  as 
follows,  together  with  the  percentage  of  Mg  in  MgO : 


^  Taken. 

MgO  Foffpted. 

Per  cent  Mg 

.33009 

.54766 

60.273 

.345 i 2 

.57252 

60.281 

.26058 

.43221 

60.290 

.28600 

.47432 

60.297 

.30917 

.51273 

60.299 

.27636 

.45«53 

60.271 

.36457 

.60475 

60.284 

.324" 

.53746 

60.304 

.32108 

.53263 

60.282 

.28323 

.46988 

60.262 

Mean,  60.2845,  ±  .0027 

The  latest  determinations  of  all  are  those  of  Richards  and  Parker,t 
who  studied  magnesium  chloride  with  all  the  precautions  suggested  by 
the  most  recent  researches.  The  salt  itself  was  not  only  free  from  oxy- 
chloride,  but  also  spectroscopically  pure  as  regards  alkaline  contamina- 
tions, and  all  weighings  were  reduced  to  a  vacuum  standard.  The  first 
series  of  experiments  gives  the  ratio  between  silver  chloride  and  mag- 
nesium chloride,  and  I  have  reduced  the  data  to  the  fonrf2AgCl :  MgCl, : : 
100 :  a;.     The  weighings  and  values  for  x  are  subjoined : 

*  Am.  Chem.  Journ.,  t3,  219.    1890. 
fZcitsch.  Anorg.  Chem.,  13,  81.    1896. 
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MgCl,. 

AgCL 

"   Ratio. 

1.33550 

4.01952 

33.225 

1.51601 

4.56369 

33.219 

1.32413 

3.98528 

33.226 

1.40664 

4.23297 

33231 

1.25487 

3.77670 

33227 
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Mean,  33.226,  db  .0013 

The  remaining  series  of  experiments,  three  in  number,  relate  to  the  ratio 
2Ag :  MgCl,,  which  was  earlier  investigated  by  Dumas.  For  the  elaborate 
details  of  manipulation  the  original  memoir  must  be  consulted.  I  can 
give  little  more  than  the  weights  found,  and  their  reduction  to  the  usual 
form  of  ratio,  Ag, :  MgQl, : :  100  :  x : 


Second  Series. 

MgClr 

^^. 

Ratio. 

2.78284 

6,30284 

44.152 

2.29360 

5.19560 

44.145 

2.36579 

5.35989 

44.130 

Mean,  44.142,  dt  .0043 

This  series  gives  slightly  higher  results  than  the  others,  and  the 
authors,  for  reasons  which  they  assign,  discard  it : 


Third  Series. 

MgCl,. 

Ag, 

Ratio. 

1.99276 

4. 5 « 554 

44.131 

1.78^70 

4.05256 

44.138 

2.12832 

4.82174 

44.140 

2.51483 

5.69714 

44.141 

2.40672 

5.45294 

44.136 

1.95005 

4-41747 

44.144 

Mean,  44.138,  ±  .0013 

The  fourth  series,  because  of  the  experience  gained  in  the  conduct  of 
the  preceding  determinations,  is  best  of  all,  and  the  authors  adopt  its 
results  in  preference  to  the  others : 


Fourth  Series. 

MgCl,. 

Ag. 

Ratio. 

2.03402 

4.60855 

44.136 

1. 91048 

4.32841 

44.138 

2.0993% 

4.75635 

44.137 

I. 8204 I 

4.12447 

44.137 

1.92065 

4.3515" 

44.138 

1.11172 

2.51876 

44.138 
Mean,  44.137, 

.0003 
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These  series  combine  with  that  of  Dumas  as  follows : 

Duma.^ 44.261,  ±  .0200 

Richards  and  Parker,  second  series 44. 142,  d=  .0043 

Richards  and  Parker,  third  series 44.138,  d=  xx>i3 

Richards  and  Parker,  fourth  series 44.  I37«  ^  .0003 

General  mean 44. 138,  db  .0003 

Here  the  first  two  values  practically  vanish,  and  the  third  and  fourth 
series  of  Richards  and  Parker  appear  alone. 

To  sum  up,  we  now  have  the  subjoined  ratios,  bearing  upon  the  atomic 
weight  of  magnesium : 

(i.)  MgS04  :  BaSO^  :  :  100  :  194.003,  dt  .021 

(2.)  MgO  ;  MgSO^  :  :  100  :  298.210,  di  .0103 

(3.)  Per  cent,  of  water  in  MgSO^,  7H,0,  51.21,  d=  .020 

(4.)  Per  cent,  of  MgO  in  oxalate,  27.3665,  dz  .0023 

(5.)  Per  cent,  of  MgO  in  carbonate,  47.627,  :±:  .0018 

(6.)  Per  cent,  of  Mg  in  MgO,  60.2845,  =t  .0027 

(7.)  2Ag  :  MgCl,  :  :  100  :  44.138,  ±  .0003 

(8.)  2AgCl  :  MgCl,  :  :  100  :  33.226,  ±  .0013 

To  reduce  these  ratios  we  have — 

O   =   15.879,  ±.0003  C       =    11.920,  =h  .0004 

Ag  =  107.108,  zh  .0031  Ba      =  136.392,  db  .0086 

CI  =    35.>79»  ±  -0048  AgCl  =  142.287,  d=  .0037 
S    =    31.828,  db  .0015 

For  the  molecular  weight  of  MgSO^,  two  values  are  now  calculable  : 

From  (I) MgSO^  =  1 19.450,  db  .0137 

From  (3) *•      =  119.239.  ±  .0675 

General  mean MgS04  =  1 19.443,  ±.  .0135 

Hence  Mg  =  24.099,  db  .0136. 
For  MgO,  three  values  are  found : 

From  (2) MgO  =  40.091,  d=  .0023 

From  (4) •'     =40.404,  ±.0037 

From  (5) •*     =39  721,  db.oo2i 

General  mean MgO  =  39.974,  zb  .0014 

Hence  Mg  =  24.095,  ±  .0014. 
For  MgCl,  there  are  two  values : 

From  (7) MgCI,  =  94.5Sl»^=b  .0032, 

From  (8) "      =  94.553.  ^  -0044 

General  mean MgCI^  =  94.552,  zb  .0026 

Hence  Mg  ■=  24.194,  ih  .0099. 
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With  the  aid  of  these  intermediate  values,  four  estimates  of  the  atomic 
weight  of  magnesium  are  available,  as  follows : 

From  molecular  weight  of  MgSO^ Mg  =  24.099,  rb  .0136 

From  molecular  weight  of  MgO **  =  24.095,  d-  .0014 

From  molecular  weight  of  MgCl, •*  =  24. 194,  rb  .0099 

From  ratio  (6) ••  =24. 103,  i  .0020 

General  mean Mg  =  24. 100,  dz  .001 1 

If  0  =  16,  this  becomes  Mg  =  24.283. 

On  purely  chemical  grounds  the  third  of  the  foregoing  values,  that 
derived  from  magnesium  chloride,  seems  to  be  the  best.  I  should  un- 
hesitatingly adopt  it,  rejecting  the  others,  were  it  not  for  the  fact  that  it 
rests  upon  one  compound  of  magnesium  alone,  and  therefore  is  not  ab^ 
solutely  conclusive.  It  agrees  admirably,  however,  with  the  sulphate 
determinations  of  Marignac,  and  it  is  highly  probable  that  it  may  be 
fiilly  confirmed  later  by  evidence  from  other  sources. 

Marignac's  data,  taken  alone,  give  Mg  =  24.197.  The  fourth  series  of 
Richards  and  Parker,  by  itself,  gives  Mg  =  24.180.  The  approximate 
mean  of  these,  24.19,  may  be  preferred  by  many  chemists  to  the  general 
mean  derived  from  all  the  observations. 


10 
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ZINC. 

The  several  determinations  of  the  atomic  weight  of  zinc  are  by  no 
means  closely  concordant.  The  results  obtained  by  Gay-Lussac*  and 
Berzelius  f  were  undoubtedly  too  low,  and  may  be  disregarded  here. 
We  need  consider  only  the  work  done  by  later  investigators. 

In  1842  Jacquelain  published  the  results  of  his  investigations  upon 
this  important  constant.  {  In  two  experiments  a  weighed  quantity  of 
zinc  was  converted  into  nitrate,  and  that  by  ignition  in  2i 'platinum  cruci- 
ble was  reduced  to  oxide.  In  two  other  experiments  sulphuric  acid 
took  the  place  of  nitric.  As  the  zinc  contained  small  quantities  of  lead 
and  iron,  these  were  estimated,  and  the  necessary  corrections  applied. 
From  the  weights  of  metal  and  oxide  given  by  Jacquelain  the  percent- 
ages have  been  calculated : 

Nitric  Series. 

9.917  grm.  Zn  gave  12.3138  gnn.  ZnO.  80.536  per  cent.  Zn. 

9.809  **  12.1800        "  80.534  " 

Sulphuric  Series. 

2.398  grm.  Zn  gave  2.978  gnn.  ZnO.  80.524  ** 

3.197  "  3.9^8        «'  80.570  " 

Mean  of  all  four,  80.541,  ±  .007 

Hence  Zn  =  65.723. 

The  method  adopted  by  Axel  Erdmann  §  is  essentially  the  same  as 
that  of  Jacquelain,  but  varies  from  the  latter  in  certain  important  details. 
First,  pure  zinc  oxide  was  prepared,  ignited  in  a  covered  crucible  with 
sugar,  and  then,  to  complete  the  reduction,  ignited  in  a  porcelain  tube 
in  a  current  of  hydrogen.  The  pure  zinc  thus  obtained  was  converted 
into  oxide  by  means  of  treatment  with  nitric  acid  and  subsequent  igni- 
tion in  a  porcelain  crucible.  Erdmann's  figures  give  us  the  following 
percentages  of  metal  in  the  oxide  : 

80.247 
80.257 
80.263 
80.274 


Mean,  80.260,  ±:  .0037 


Hence  Zn  =  64.562. 


•  M<^moire  d'Arccuil,  2,  174. 

fGilb.  Annal.,  37,  460. 

X  Compt.  Rend.,  14,  636. 

I  Poggend.  Annal.,  62,  611.    Berz.  Lehrb.,  3, 1219. 
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Upon  comparing  Erdmann's  results  with  those  of  Jacquelain  two 
points  are  worth  noticing :  First,  Erdmann  worked  with  purer  material 
than  J^acquelain,  although  the  latter  applied  corrections  for  the  impuri- 
ties which  he  knew  were  present ;  secondly,  Erdmann  calcined  his  zinc 
nitrate  in  a  porcelain  crucible,  while  Jacquelain  used  platinum.  In  the 
latter  case  it  has  been  shown  that  portions  of  zinc  may  become  reduced 
and  alloy  themselves  with  the  platinum  of  the  crucible ;  hence  a  lower 
weight  of  oxide  from  a  given  quantity  of  zinc,  a  higher  percentage  of 
metal,  and  an  increased  atomic  weight.  This  source  of  constant  error 
has  undoubtedly  affected  Jacquelain's  experiments,  and  vitiated  his 
results.     In  Erdmann's  work  no  such  errors  seem  to  be  present. 

Favre  *  employed  two  miethods  of  investigation.  First,  zinc  was  dis- 
solved in  sulphuric  acid,  the  hydrogen  evolved  was  burned,  and  the 
weight  of  water  thus  formed  was  determined.  To  his  weighings  I  ap- 
pend the  ratio  between  metallic  zinc  and  100  parts  of  water : 


25389  grm. 

30.369 

31.776 


Zn  gave  6.928  grm.HjO. 
8.297 
8.671 


366.469 
366  024 
366.463 


Mean,  366.319,  ±  .088 

Hence  Zn  =  65.494. 

The  second  method  adopted  by  Favre  was  to  burn  pure  zinc  oxalate, 
and  to  weigh  the  oxide  and  carbonic  acid  thus  produced.  From  the 
ratio  between  these  two  sets  of  weights  the  atomic  weight  of  zinc  is  easily 
deducible.  From  Favre 's  weighings,  if  CO,,  =  100,  ZnO  will  be  as  given 
in  the  third  column  below: 


7.796  grm.  ZnO  =  8.365  grm. 

7.342  '*  7.883'        ' 

5.2065  "  5.588 


CO,.  93.198 

93.137 
93.173 

Mean,  93.169,  ±  .012 


Hence  Zn  =  65.521. 

Both  of  these  determinations  are  open  to  objections.  In  the  water 
series  it  was  essential  that  the  hydrogen  should  first  be  thoroughly  dried 
before  combustion,  and  then  that  every  trace  of  water  formed  should  be 
collected.  A  trivial  loss  of  hydrogen  or  of  water  would  tend  to  increase 
the  apparent  atomic  weight  of  zinc. 

In  the  combustion  of  the  zinc  oxalate  equally  great  difficulties  are 
encountered.  Here  a  variety  of  errors  are  possible,  such  as  are  due,  for 
example,  to  impurity  of  material,  to  imperfect  drying  of  the  carbon 
dioxide,  and  to  incomplete  collection  of  the  latter.  Indeed  a  fourth 
combustion  is  omitted  from  the  series  as  given,  having  been  rejected  by 
Favre  himself.  In  this  case  the  oxide  formed  was  contaminated  by  traces 
of  sulphide. 


•Ann,  Chim.  Phys.  (3),  10,  163.     1844. 
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Baubigny,*  in  1883,  resorted  to  the  well-known  sulphate  method. 
Zinc  sulphate,  elaborately  purified,  was  dried  at  440^  to  constant  weight, 
and  then  calcined  at  a  temperature  equal  to  the  fusing  point  of  gold. 
These  data  were  obtained : 

ZnSO^,  ZnO,  Percent,  ZnO. 

6.699  3.377  50.410 

8.776  4.4245  50.416 

Mean,  50.413,  ±  .0020 

Hence  Zn  =  64.909. 

In  Marignac's  determinations  of  the  atomic  weight  of  zinc,  published 
also  in  1883,t  there  is  a  peculiar  complication.  After  testing  and  criti- 
cising some  other  methods,  he  finally  decided  to  study  the  double  salt 
KjZnCl^,  which,  however,  is  difficult  to  obtain  in  absolutely  definite  con- 
dition^ Although  the  compound  was  purified  by  repeated  crystalliza- 
tions, it  was  found  to  deliquesce  readily,  and  thereby  to  undergo  partial 
dissociation,  losing  chloride  of  zinc,  and  leaving  the  porous  layer  on  the 
crystalline  surfaces  richer  in  potassium.  In  order  to  evade  this  diffi- 
culty, Marignac  placed  a  large  quantity  of  the  salt  in  a  funnel,  and  col- 
lected the  liquid  product  of  deliquescence  as  it  ran  down.  In  this 
product  he  determined  chlorine  by  volumetric  titration  with  a  standard 
solution  of  silver,  and  also  estimated  zinc  by  precipitation  with  sodium 
carbonate,  and  weighing  as  oxide.  From  the  data  thus  obtained  equa- 
tions were  formed,  giving  for  each  analysis  an  atomic  weight  of  zinc 
which  is  independent  of  the  proportion  between  ZnCl,  and  KCl  in  the 
substance  analyzed.  The  data  unfortunately  are  too  bulky  for  repro- 
duction here  and  the  calculations  are  complex ;  but  the  results  found  for 
zinc,  when  Ag  =  107.93,  CI  =  35.457,  and  K  =  39.137,  are  as  follows : 

1.  One  titration Zn  =  65.22 

2.  Two  titrations 65.37 

3.  Two  titrations 65.31 

4.  Two  titrations 65.28 

5.  One  titration 65.26 

Each  of  these  values  represents  a  distinct  sample  of  the  deliquesced 
material,  and  the  number  of  chlorine  determinations  is  indicated. 

A  second  set  of  determinations  was  made  by  the  same  analytical 
method  directly  upon  the  recrystallized  and  carefully  dried  KjZnCl^. 
The  values  for  Zn  are  as  follows  : 

6.  Two  titrations Zn  =  65.28 

7.  Two  titrations 65.39 

8.  One  titration 65.32 

*  Ccmpt.  Rend.,  97,  906.    1883. 
tArch.  Sci.  Phys.  etNat.  (3),  10,  194. 
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In  order  to  adapt  these  data  to  the  uniform  scheme  of  calculation  em- 
ployed in  this  work,  taking  into  account  their  probable  error  and  the 
probable  errors  of  the  antecedent  values  for  K,  CI,  and  Ag,  it  seems  to 
be  best  to  calculate  them  back  with  the  atomic  weights  used  by  Marignac 
into  the  form  of  the  ratio  Aof^ :  K,  nCl^ :  :  100 :  x.  Doing  this,  and  tak- 
ing each  value  as  many  times  as  there  are  titrations  represented  in  it — 
that  is,  giving  the  results  of  a  double  determination  twice  the  weight  of  a 
single  one — we  have  the  following  series  of  data  for  the  ratio  in  question : 

From  1 66.090 

From* |^"4 

1 66. 1 24 

/  66. 1 10 

10 


^"■"3 X66., 


,.  r  66. 104 

iTom  4 \         ^ 

1 66. 104 

From  5 66.099 

From  6 {  ,' 

C  66. 104 

From;  1^-"' 

1 66. 129 

From  8 66.113 

Mean,  66. 1 1 1,  dr  .0023 

Hence,  from  Marignac's  work,  Ag, :  K^ZnCl, : :  100:  66.111,  d=  .0023,  a 
ratio  which  can  be  discussed  along  with  others  at  the  close  of  this  chapter. 

During  the  years  between  1883  and  1889,  a  number  of  determinations 
were  made  of  the  direct  ratio  between  zinc  and  hydrogen — that  is, 
weighed  quantities  of  zinc  were  dissolved  in  acid,  the  hydrogen  evolved 
was  measured,  and  from  its  volume,  with  Regnault's  data,  the  weight  of 
H  was  computed.  First  in  order  are  Van  der  Plaats'  determinations,* 
whose  results,  as  given  b}'  himself,  are  subjoined.  The  weights  are 
reduced  to  a  vacuum.    Sulphuric  acid  was  the  solvent. 

Zn,  grms.  H,  litres,  Zn  = 

6.6725  1.1424  65.21 

9.1271  1-5643  65.14 

13.8758  2.3767  65.18 

Mean,  65.177,  zb  .0137 

With  the  new  value  for  the  weight  of  hydrogen,  .089872  gramme  per 
litre,  this  becomes  Zn  =  64.980,  ib  .0137. 

Reynolds  and  Ramsay  made  29  determinations  of  this  ratio.f  rejecting, 
however,  all  but  5.  The  weighings  were  reduced  to  vacuum,  and  in  each 
experiment  the  volume  of  hydrogen  was  fixed  by  the  mean  of  seven  or 
eight  readings.    The  values  for  Zn  are  as  follows : 

*Compt.  Rend.,  loo,  53.     1885. 
t  Journ.  Chcm.  Soc.,  51,  854.    1887. 
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65.5060 
65.4766 
65.4450 
65.5522 
65.4141 


Mean,  65.4787,  zh  .0161 

These  values  were  computed  with  Regnault's  data  for  the  weight  of  H. 
Corrected  by  the  new  value  the  mean  becomes  Zn  =  65.280,  =h  .0161. 

A  few  determinations  by  Mallet  were  made  incidentally  to  his  work  on 
the  atomic  weight  of  gold,  and  appear  in  the  same  paper.*  According 
to  these  experiments,  one  gramme  of  zinc  gives — 

341.85  cc.  H.,  and  Zn  =  65.158 
341.91      "  "         65.146 

341.93      '*  **         65.143 

342.04      **  '*         65.122 


Mean,  65.142,  d:  .0039 

In  this  case  the  Crafts-Regnault  weight  of  H  was  taken,  one  litre  = 
.08979  gramme.    Corrected,  the  mean  gives  Zn  =  65.082,  ±:  .0039. 

Two  other  series  of  determinations  of  questionable  value  remain  to 
be  noticed  before  leaving  the  consideration  of  the  direct  H :  Zn  ratio. 
They  represent  really  the  practice  work  of  students,  and  are  interesting 
as  an  illustration  of  the  closeness  with  which  such  work  can  be  done. 
The  first  series  was  made  in  the  laboratory  of  the  Johns  Hopkins  Uni- 
versity, under  the  direction  of  Morse  and  Keiser,t  and  contains  51  deter- 
minations, as  follows : 

Z«  = 

65.40 
64.80 
65.20 
64.40 
65.00 
64.40 

65.24 
64.60 
64.80 
65.14 
64.84 
64.82 
64.80 
64.40 
64.60 
64.80 
64.74 
64.997,  ±  .0328 


64.68 

65.74 

65.26 

64.72 

65.32 

65.26 

65.20 

64.74 

65.60 

64.72 

64.60 

65.10 

65.00 

64.76 

65.68 

64.90 

65.38 

64.92 

65.06 

64.64 

64.84 

65.24 

64.88 

64.72 

65.00 

65.20 

65.08 

65.12 

65.06 

66.40 

64.74 

64.60 

65.12 

65.60 

Mean  of  all,  Zn  =  6^ 

•Aracr.  Chem.  Journ.,  12,  205.     1890. 
t  Amer.  Chem.  Journ.,  6,  347.     1884. 
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Corrected  for  the  diflPerence  between  Regnault's  value  for  H  and  the 
new  value,  this  becomes  Zn  =  64.800,  db  .0328. 

The  second  student  series  was  published  by  Torrey,*  who  gives  15 
determinations,  as  follows : 

Z»  = 

65.36  64.96 

65.30  64.70 

64.92  65.00 

64.72  64.78 

65.04  64.44 

64.80  65.24 

65.20  64.92 
64.90 

Mean,  64.952,  d:  .0436 

Corrected  as  in  the  other  series,  this  gives  Zn  =  64.755,  ±  .0436. 
The  five  corrected  means  for  the  ratio  H  :  Zn  may  now  be  combined, 
thus: 

Van  dcr  Plaats 64.980,  rfc  .0137 

Reynolds  and  Ramsay 65.280,  d:  .0161 

Mallet 65.082,  d=  .0039 

Morse  and  Keiser. 64.800,  dz  .0328 

Torrey 64.755,  i  -0436 

General  mean 65.079,  dr  .0036 

Morse  and  Burton,  f  in  their  determinations  of  the  atomic  weight  of 
zinc,  returned  essentially  to  the  old  method  adopted  by  Erdmann  and 
by  Jacquelain.  Their  zinc  was  obtained  spectroscopically  pure  by  dis- 
tillation in  a  vacuum,  and  was  oxidized  by  nitric  acid  which  left  abso- 
lutely no  residue  upon  evaporation.  The  conversion  to  oxide  was 
effected  in  a  porcelain  crucible,  which  was  enclosed  in  a  larger  one,  and 
the  ignition  of  the  nitrate  was  carried  out  in  a  muffle.  In  weighing,  the 
crucible  was  tared  by  one  of  nearly  equal  weight.    Results  as  follows : 

IV/,  Zn,  Wt.  ZnO,  Per  cent,  Zn  in  ZnO, 

1.11616  '.38972  80.320 

1.03423  1.28782  80.308 

1. 1 1628  1.38987  80.315 

1.05760  1.31681  80.316 

1.04801  1.30492  80.313 

1.02957  I. 28193  80.318 

1.09181  1.35944  80.315 

1,16413  1.44955  80.305 

1.07814  1.34248  80.305 

1. 12754  1.40400  80.306 

.91112  1. 13446  80.310 

•  Amcr.  Chem.  Journ.,  lo,  74,    1888. 
t  Araer.  Chem.  Journ.,  lO)  311.    1888. 
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i.iooii  I. 36981  80.311 

1. 17038  1.45726  80.313 

I.03148  1.28436  80.310 

1.05505  1.31365  80.308 

Mean,  80.3115,  d:  00084. 

Combining  this  mean  with  the  means  found  by  the  earlier  investigators, 
we  have — 

Jacquclain 80.541,    rfc  .0070 

Erdmann 80.260,    ±  .0037 

Morse  and  Burton 80.3115,  ±  .00084 

General  mean 80.317,    ±  .0008 

Morse  and  Burton  verified  by  experiment  the  stability  of  oxide  of  zinc 
at  the  temperatures  of  ignition,  and  found  that  it  did  not  dissociate. 
They  also  proved  the  absence  of  oxides  of  nitrogen  from  the  zinc- oxide. 
The  investigations  of  Richards  and  Rogers,*  however,  have  shown  that 
zinc  oxide  prepared  by  ignition  of  the  nitrate  always  carries  gaseous 
occlusions,  so  that  the  atomic  weight  of  zinc  computed  from  the  data  of 
Morse  and  Burton  is  probably  too  low.  But  for  that  objection,  their  work 
would  leave  little  to  be  desired  on  the  score  of  accuracy. 

The  determinations  made  by  Gladstone  and  Hibbard  t  represent  still 
another  process  for  measuring  the  atomic  weight  of  zinc.  Zinc  was  dis- 
solved in  a  voltameter,  and  the  same  current  was  used  to  precipitate 
metallic  silver  or  copper  in  equivalent  amount.  The  weight  of  zinc  dis- 
solved, compared  with  the  weight  of  the  other  metal  thrown  down,  gives 
the  atomic  weight  sought  for.  Two  voltameters  were  used  in  the  experi- 
ments, giving  duplicate  estimates  for  zinc  with  reference  to  each  weigh- 
ing of  silver  or  copper.  The  silver  series  is  as  follows,  with  the  ratio 
Agj :  Zn : :  100 :  x  in  the  third  column : 

Zn.  Ag,  Ratio. 

^11^1  2.5589  30.353 

.7758  2.5589  30.318 

.5927  1.9551  30.316 

.5924  1.955T  30.300 

.2277  .7517  30.291 

.2281  .7517  30.345 

.7452  2.4588  30.307 

.7475  2.4588  30.401 

.8770  2.9000  30.241 

.8784  2.9000  30.290 

.9341  3.0809  30.319 

.9347  3-0809  30.339 

Mean,  30.318,  d=  .0077 

•Proc.  Araer.  Acad.,  1893.  200. 

t  Journ.  Chem.  Soc.,  55.  443.     1889. 
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To  the  copper  series  I  add  the  ratio  Cu :  Zn : :  100 :  %. 


Zn. 

Cu, 

Ratio* 

.7767 

.7526 

103.13 

.7758 

.7526 

103.08 

.5927 

.5737 

103.3' 

.5924 

.5737 

103.26 

.2277 

.2209 

103.08 

.2281 

.2209 

103.26 

8770 

.8510 

103.05 

.8784 

.8510 

103.22 

.9341 

.9038 

103.36 

9347 

.9038 

103.42 

Mean,  103.22,  d:  .0261 

Richards  and  Rogers  *  in  their  investigation  of  the  atomic  weight  of 
zinc,  studied  the  anhydrous  bromide.  This  was  prepared  by  solution 
of  zinc  oxide  in  hydrobromic  acid,  evaporation  to  dryness,  and  subse- 
quent distillation  in  an  atmosphere  of  carbon  dioxide.  In  some  experi- 
ments, however,  the  bromide  was  heated  in  an  atmosphere  of  nitrogen, 
mingled  with  gaseous  hydrobromic  acid.  All  water  can  thus  be  removed, 
without  formation  of  oxybromides. 

.The  zinc  bromide  so  obtained  was  dissolved  in  water,  and  precipitated 
with  a  solution  containing  a  known  amount  of  silver  in  the  form  of 
nitrate.  The  silver  bromide  was  weighed  on  a  Gooch  crucible,  and  the 
ratio  2AgBr:  ZnBr,  thus  found.  An  excess  of  silver  was  always  used, 
and  in  one  series  of  experiments  it  was  estimated  by  precipitation  with 
hydrobromic  acid.  Deducting  the  excess  thus  found  from  the  original 
quantity  of  silver,  the  amount  of  the  latter  proportional  to  the  zinc 
bromide  was  found ;  hence  the  ratio  Ag, :  ZnBr,.  The  results,  with 
vacuum  weights,  are  as  follows : 

Series  A, 
ZnBr^.  AgBr.  Ratio, 

1. 69616  2.82805  59.976 

1. 98198  3.30450  59.978 

1.70920  2  84949  59.984 

2.35079  3-91941  59.978 

2.66078  4.4375  >  59.961 


ZnBr^. 
2.33882 
1.97142 
2.14985 
2.00966 

Ag. 
2.24063 
1.88837 
2.05971 
1.92476 

Series  B. 
AgBr, 
3.90067 
3.28742 
3.58539 
335074 

Mean,  59. 

Ag  Ratio, 
104.382 
104.398 
104.376 
104  41 1 

975i 
M( 

,  ±  .0034 

AgBr  Ratio, 
59.959 
59.969 
59.961 
59.977 

Mean,  104.392, 
±.0054 

tan,  59.967. 
±.0027 

*Zeitsch.  Anorg.  Chem.,  10,  x.    1895. 
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At  the  end  of  the  same  paper,  Richards  alone  gives  two  more  series  of 
determinatiops  made  upon  zinc  bromide  prepared  by  the  action  of  pure 
bromine  upon  pure  electrolytic  zinc.  The  bromide  so  obtained  was 
further  refined  by  sublimation  or  distillation,  and  dried  by  heating  in  a 
stream  of  carbon  dioxide  and  gaseous  hydrobromic  acid.  Thus  was 
ensured  the  absence  of  basic  salts  and  of  water.  The  weights  and  results 
found  in  the  two  series  were  as  follows : 

Series  C. 

ZfiBr,,                              Ag,  Ratio. 

6.23833  S.9766  '                     104.379 

5  26449  50436  104.380 

9.36283  8.9702  104.377 


Mean,  104.379,  ±  .0007 


Series  D, 


ZnBr^.  AgBr.  Ratio, 

2.65847  4.43358  59.962 

2.30939  3.85149  59.961 

5.26449  8.77992  59.961 

Mean,  59.961,  ±  .0004 

In  some  details  of  manipulation  these  series  differ  from  those  given 
by  Richards  and  Rogers  jointly,  but  their  minutiae  are  not  essential  to 
the  present  discussion. 

Combining  Ihese  several  series,  we  have — 

For  Ag^  :  ZnBr^ :  :  100  :  x. 

Series  B 104.392,  ±l  .0054 

Series  C 104.379,  ±  .0007 

General  mean 104.380,  ±.  ,oaorj 

For  2 AgBr :  ZnBr^ : :  100  :  x. 

Series  A 59-975,  ±  .0034 

Series  B 59967,  ±.  .0027 

Series  D 59-961,  d:  0004 

General  mean 59.962,  zfc  .0004 

From  the  Ag  ratio ', ZnBr,  =  223.599,  ifc  .0066 

From  the  AgBr  ratio **      =  223.601,  dt  .0066 

General  mean \ ZnBr,  =  223.600,  rb  .0047 

And  Zn  =    64.912,  ih  .0133 
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For  computing  the  atomic  weight  of  zinc  we  now  have  these  ratios: 

(I.)  Per  cent.  Zn  in  ZnO,  80.317,  ±  .ocx)8 
(2.)  Per  cent.  ZnO  in  ZnSO^,  50.413,  ±  .0020 
(3.)  H,0  :  Zn  :  :  100  :  366.319,  ±  ,088 
(4.)  2CO,  :  Zn  :  :  lOO  :  93.169,  db  .012 
(5.)  H  :  Zn  :  :  I  :  65.079,  d=  .0036 
(6.)  Ag4  :  KjZnCl^  :  :  100  :  66.111,  db  .0023 
(7.)  Ag,  :  Zn  :  :  100  :  30.318,  ±  .0077 
(8.)  Cu  :  Zn  :  I  100  :  103.22,  ±  .0261 
(9.)  Ag,  :  ZnBr,  :  :  lOO  :  104.38,  db  .0007 
(10.)  2AgBr  :  ZnBr,  :  :  100  :  59.962,  rb  .0004 

The  antecedent  atomic  weights,  with  H  ==  1,  are — 

O  =  15.879,  lb .0003  C      =   11.920,  dr. 0004 

Cl  =   35.«79,  ±.«h8  S        =   31.828,  dc  .0015 

Br  =    79.344,  rb  .0062  Cu      =    63. 1 19,  db  .0015 

Ag  =  107. 108,  d=  .0031  AgBr  =  186.452,  lb  .0054 
K   =    38.817,  lb  .0051 

With  these  data,  combining  ratios  9  and  10  into  one  (see  preceding 
paragraphs),  we  have  nine  independent  values  for  the  atomic  weight  of 
zinc,  as  follows : 

From  (i) Zn  =  64.795,  =b  .0030 

From  (2) "  =  64.909,  =b  .0073 

From  (3) **  =  65.494,  dd  .0019 

From  (4) **  =65.521,  db  .0115 

From  (5) "  =  65.079,  rb  .0036 

From  (6) "  =  64.891,  =b  .0253 

From  (7) **  =  64.947,  rb  .0166 

From  (8) "  =65.151,  ±.0166 

From  (9)  and  (10) "  =  64.912,  d:  .0133 

General  mean  of  all. Zn  =  65.152,  d=  .0014 

With  0=16 Zn  =  65.650 

Of  these  values,  Nos.  3  and  4,  representing  Favre's  work,  are  unques- 
tionably far  wrong.  Rejecting  them,  the  general  mean  of  the  remaining 
seven  values  becomes — 

Zn  =:  64.912,  lb  .0021, 

If  0  =  16,  this  gives  Zn  =  65.407.  These  figures  are  identical,  except 
as  regards  the  lower  probable  error,  with  the  result  deduced  from  Rich- 
ards and  Rogers'  determinations  alone,  and  they  may  be  taken  as 
satisfactory. 
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CADMIUM. 

The  earliest  determination  of  the  atomic  weight  of  this  metal  was  by 
Stromeyer,  who  found  that  100  parts  of  cadmium  united  with  14.352  of 
oxygen*  With  our  value  for  the  atomic  weight  of  oxygen,  these  figures 
make  Cd  =  110.64.    This  result  has  now  only  a  historical  interest. 

The  more  modem  estimates  of  the  atomic  weight  of  cadmium  b^in 
with  the  work  of  v.  Hauer.f  He  heated  pure  anhydrous  cadmium  sul- 
phate in  a  stream  of  dry  hydrogen  sulphide,  and  weighed  the  cadmium 
sulphide  thus  obtained.  His  results  were  as  follows,  with  the  percent- 
age of  CdS  in  CdSO^  therefrom  deduced : 


7.7650  grm. 

CdSO^ 

gave  5.3741  grm 

.CdS. 

69.209  per  cent 

6.6086 

4.5746 

69.222      ** 

7.3821 

5.i"7 

69.245      " 

6.8377 

4.7336 

69.228      *• 

8.1956 

5.6736 

69.227      •* 

7.6039 

5.2634 

69.220      ** 

7.H15 

4.9431 

69.217      " 

5.8245 

4.0335 

69.251      *• 

6.8462 

4.7415 

69.257      " 

Mean,  69.231,  db  .0042 

LenssenJ  worked  upon  pure  cadmium  oxalate,  handling,  however, 
only  small  quantities  of  material.  This  salt,  upon  ignition,  leaves  the 
following  percentages  of  oxide: 

.5128  gnn.  oxalate  gave  .3281  grm.  CdO.  63.982  per  cent. 

.6552  ••  .4193         **  63.996      ** 

.4017  "  .2573         «*  64.053      ** 

Mean,  64.010,  db  .014 

Dumas  II  dissolved  pure  cadmium  in  hydrochloric  acid,  evaporated 
the  solution  to  dryness,  and  fused. the  residue  in  hydrochloric  acid  gas. 
The  cadmium  chloride  thus  obtained  was  dissolved  in  water  and  titrated 
with  a  solution  of  silver  after  the  usual  manner.  From  Dumas'  weigh- 
ings I  calculate  the  ratio  between  CdCl,  and  100  parts  of  silver : 


2.369  grm.  CdCl, 

=  2.791  grm 

.  Ag. 

84.880 

4.540 

5.348 

(< 

84.892 

6.177 

7.260 

tt 

85.083 

2.404 

2.841 

(i 

84.618 

3.5325 

4.166 

(1 

84.794 

4.042 

4.767 

« 

Mean 

84.791 
,  84.843,  db  .026 

*  Sec  Berz.  Lehrbuch.  5th  Aufl.,  3,  1219. 
t  Journ.  fftr  Pralct.  Chcra.,  72,  350.    I857. 
X  Journ.  fQr  Pralct.  Chem.,  79,  281.     i860. 
I  Ann.  Chem.  Pharm.,  113, 27.    i860. 
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Next  in  order  comes  Huntington's*  work,  carried  out  in  the  laboratory 
of  J.  P.  Cooke.  Bromide  of  cadmium  was  prepared  by  dissolving  the 
carbonate  in  hydrobromic  acid,  and  the  product,  dried  at  200®,  was  puri- 
fied by  sublimation  in  a  porcelain  tube.  Upon  the  compound  thus  ob- 
tained two  series  of  experiments  were  made. 

In  one  series  the  bromide  was  dissolved  in  water,  and  a  quantity  of 
silver  not  quite  sufficient  for  complete  precipitation  of  the  bromine  waa 
then  added  in  nitric  acid  solution.  After  the  precipitate  had  settled, 
the  supernatant  liquid  was  titrated  with  a  standard  solution  of  silver 
containing  one  gramme  to  the  litre.  The  precipitate  was  washed  by  de- 
cantation,  collected  by  reverse  filtration,  and  weighed.  To  the  weigh- 
ings I  append  the  ratio  between  CdBr,  and  100  parts  of  silver  bromide : 

1.5592  gnii.  Cdbr,  gave  2.1529  grm.  AgBr.  Ratio,  72.423 

}''       72.415 

'  **       72.415 

"       72.435 

"       72.437 

*  "       72.410 

"       72.405 
*•       72.433 


*  3.7456 

5.1724 

2.4267 

3.35" 

♦3.6645 

5.0590 

*  3.7679 

*           5.2016 

2.7938 

3.85«3 

*  1.9225             * 

2.6552 

3.4473 

4.7593 

Mean,  72.4216,  ^  .0028 

The  second  series  was  like  the  first,  except  that  the  weight  of  silver 
needed  to  eflTect  precipitation  was  noted,  instead  of  the  weight  of  silver 
bromide  formed.  In  the  experiments  marked  with  an  asterisk,  both  the 
amount  of  silver  required  and  the  amount  of  silver  bromide  thrown  down 
were  determined*  in  one  set  of  weighings.  The  third  column  gives  the 
CdBr,  proportional  to  100  parts  of  silver: 

*  3.7456  grm.  CdBr,  =  2.9715  grm.  Ag.  126.051 
5.0270         .   **             3.9874       "  126.072 

*  36645  **  2.9073       *♦  126.045 
•3.7679            **             2.9888       «*  126.067 

*  1.9225  ••  1.5248  "  126.082 
2.9101  **  2.3079  ••  126.093 
3.6510  "  2.8951  **  126.110 
3.9782  **  31551  **  126.088 

Mean,  126.076,  ±  .0052 

According  to  Huntington's  own  calculations,  these  experiments  fix  the 
ratio  between  silver,  bromine,  and  cadmium  as  Ag  :  Br  :  Cd  : :  108  :  80  . 
112.31. 

In  1890,  Partridge  t  published  determinations  of  the  atomic  weight 
of  cadmium,  made  by  three  methods,  the  weighings  being  reduced  to 

*  Proc.  Amer.  Acad.,  i88x. 

tAmcr.  Journ.  Sci.  (3),  40,  377.    1890. 
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vacuum  standards  throughout.     First,  Lenssen's  method  was  followed, 
viz.,  the  ignition  of  the  oxalate,  with  the  subjoined  results: 


CdC^O^. 

CdO. 

Percent  CdO. 

1.09898 

.70299 

63.966 

I. 21548 

.77746 

63.962 

1. 1071 1 

.70807 

63.957 

1.17948 

■75440 

63.959 

1. 16066 

.74327 

63.959 

>.I799S 

.75471 

63.964 

1.34227 

.85864 

63.968 

1.43154 

.91573 

63.970 

»-535io 

.98197 

63.968 

1.413" 

.90397 

63.97 » 

Mean 

,  63.964,  ±: 

,0010 


Secondly,  v.  Hauer's  experiments  were  repeated,  cadmium  sulphate 
being  reduced  to  sulphide  by  heating  in  a  stream  of  H,S.  The  following 
data  were  obtained : 


CdSO,. 

CdS. 

Percent,  CdS. 

I.605I4 

I. 11076 

69.204 

I.5583I 

1.07834 

69.197 

1. 67190 

1.15669 

69.i?5 

1.66976 

i.«5554 

69.200 

1.40821 

.97450 

69.202 

1.56290 

1.08156 

69.205 

1.63278 

1.12985 

69.194 

1.58270 

1.09524 

69.198 

1.53873 

1.06481 

69.201 

1.70462 

1. 17962 

69.201 

Mean 

,  69.199,  db.00I2 

V. 

Hauer  found 

,  69.231,  ±  .0042 

General  mean,  69.202,  +  .0012 

In  the  third  set  of  determinations  cadmium  oxalate  was  transformed 
to  sulphide  by  heating  in  H,S,  giving  the  ratio  CdCjO^ :  CdS  :  :  lOQ:  x. 


CdC^O,, 

CdS. 

Percent  CdS, 

1.57092 

1.13065 

71.972 

1.73654 

1.24979 

71.973 

2. 19276 

1.57825 

71-974 

1.24337 

.89492 

71.974 

1.18743 

.85463 

71.975 

1.54038 

1.10858 

71.968 

1.38905 

.99974 

71.976 

2.03562 

1.46517 

71-979 

2.03781 

1.46658 

71.970 

1.91840 

1.38075 

71.971 

Mean,  7i.973i  ^  -0007 
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This  work  of  Partridge  was  presently  discussed  by  Clarke  *  with  ref- 
erence to  the  concordance  of  the  data,  and  it  was  shown  that  the  three 
ratios  determined  could  be  discussed  algebraically,  giving  values  for  the 
atomic  weights  of  Cd,  S,  and  C,  when  0  =  16.    These  values  are — 

Cd=  1 1 1.7850 
C  =  11.9958 
s    =    32.0002, 

and  are  independent  of  all  antecedent  values  except  that  assumed  for 
the  standard,  oxygen. 

Morse  and  Jones,  f  starting  out  from  cadmium  purified  by  fractional 
distillation  in  vacuo,  adopted  two  methods  for  their  determinations. 
First,  they  effected  the  synthesis  of  the  oxide  from  known  weights  of 
metal  by  dissolving  the  latter  in  nitric  acid,  evaporating  to  dryness,  and 
subsequent  ignition  of  the  product.  The  oxide  thus  obtained  was  found 
to  be  completely  free  from  oxides  of  nitrogen.  The  weighings,  which  are 
given  below,  were  made  in  tared  crucibles.  The  third  column  gives  the 
percentage  of  Cd  in  CdO. 

Cd  Taken,  CdO  Found.  Per  cent.  Cd, 

1. 77891  2.03288  87.507 

1.82492  2.08544  •           87.508 

1.74688  1.99626  87.507 

1.57000  1.79418  •                       87.505 

1.98481  2.26820  87.506 

2.27297  2.59751  87.504 

1.75695  2.00775  87.508 

1.70028  ^ 94305  87.505 

1.92237  2.19679  87.508 

1. 9208 1  2.19502  87.508 

Mean,  87.5066,  db  .00032 

The  second  method  employed  by  Morse  and  Jones  was  that  of  Lenssen 
with  cadmium  oxalate.  This  salt  they  find  to  be  somewhat  hygroscopic, 
a  property  against  which  the  operator  must  be  on  his  guard.  The  data 
found  are  as  follows : 


CdC^O^. 

CdO. 

Percent.  CdO, 

1.53937 

.98526 

64.004 

1.77483 

1. 13582 

63996 

1. 7021 1 

1.08949 

64.008 

1.70238 

1.08967 

64.004 

1.74447 

1. 11651 

64.003 

Mean,  64.O03,  ±  .0042 

Lorimer  and  Smith,  like  Morse  and  Jones,  determined  the  atomic 
weight  of  cadmium  by  means  of  the  oxide,  but  by  analysis  instead  of 

•Am.  Chem.  Journ.,  13,  34.    1891. 
t  Am.  Chem.  Jouro.,  14,  261.    1892. 
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synthesis.  Weighed  quantities  of  oxide  were  dissolved  in  potassium 
cyanide  solution,  from  which  metallic  cadmium  was  thrown  down  elec- 
trolytically.    The  weights  are  reduced  to  vacuum  standards. 

CdO  Taken.  Cd  Found.  PekcenL  Cd. 

.34767  .30418  87.491 

.41538  .36352  87.515 

1.04698  .91618  87.507 

1.04066  .91500  87.493 

1.26447  1. 10649  87.506 

.78493  .68675  87.492 

.86707  .75884  87.518  • 

.67175  .58785  87.510 

1.44362               ,  1.26329  87.508 

Mean,  87.5044,  dr  .0023 

Mr.  Bucher's  dissertation*  upon  the  atomic  weight  of  cadmium  does 
not  claim  to  give  any  final  measurements,  but  rather  to  discuss  the  vari- 
ous methods  by  which  that  constant  has  been  determined.  Neverthe- 
less, it  gives  many  data  which  seem  to  have  positive  value,  and  which 
are  certainly  fit  for  discussion  along  with  those  which  have  preceded 
this  paragraph.  Bucher  begins  with  cadmium  purified  by  distillation 
nine  times  in  vacuo,  and  from  this  his  various  compounds  were  prepared. 
His  first  series  of  determinations  was  made  by  reducing  cadmium  oxalate 
to  oxide,  the  oxalate  having  been  dried  fifty  hours  at  150®.  The  reduc- 
tion was  effected  by  heating  in  jacketed  porcelain  crucibles,  with  various 
precautions,  and  the  results  obtained,  reduced  to  vacuum  standards,  are 
as  follows  : 

Oxalate,  Oxide,  Percent,  Oxide, 

1.97674  1. 26414  63.951 

I. 9491 2  1.24682  63.968 

J. 96786  1.25886  63.971 

1.87099  I. 19675  63.958 

1.37550  .87994  63.97a 

^':m^^  .85308  63.991 

1 94450  1.24452  64.002 

2.01846  1. 292 10  64.014 

Mean,  63.978,  dr  .0052 

Combining  this  with  the  means  found  by  previous  experimenters,  we 
have  for  the  percentage  of  oxide  in  oxalate — 

Lenssen 64.010,  ±  .0140 

Partridge 63.962,  dr  .0010 

Morse  and  Jones 64.003,  rh  .0042 

Bucher 63.978,  i  .0052 

General  mean 63.966,  ±  .0010 

•  "An  examination  of  some  methods  employed  in  determining  the  atomic  weight  of  cadmium.** 
Johns  Hopkins  University  doctoral  dissertation.    By  John  TS,.  Bucher.    Baltimore,  1895. 


CADMIUM. 


161 


Bucher's  next  aeries  of  determinations  was  by  Partridge's  method — 
the  conversion  of  cadmium  oxalate  into  cadmium  sulphide  by  heating 
in  a  stream  of  sulphuretted  hydrogen.  The  sulphide  was  finally  cooled 
in  a  current  of  dry  nitrogen.  The  vacuum  weights  and  ratios  are  sub- 
joined : 

Oxalate.  Sulphide.  Percentage. 


2.56319 

1.84716 

72.065 

2.18364 

I. 57341 

72.055 

2. 1  1643 

1.52462 

72.037 

3.«3«o5 

2.25582 

72.047 

Mean,  72.051,  ; 
Partridge  found,  71.973, 


: .0127 
: .0007 


General  mean,  71.974,  zfc  .0007 

Here  Bucher's  mean  practically  vanishes. 

The  third  method  employed  by  Bucherwas  that  of  weighing  cadmium 
chloride,  dissolving  in  water,  precipitating  with  silver  nitrate,  and  weigh- 
ing the  silver  chloride  found.  The  cadmium  chloride  was  prepared, 
partly  by  solution  of  cadmium  in  hydrochloric  acid,  evaporation  to 
dryness,  and  sublimation  in  vacuo;  and  partly  by  the  direct  union  of 
the  metal  with  chlorine.  The  silver  chloride  was  weighed  in  a  Gooch 
crucible,  with  platinum  sponge  in  place  of  the  asbestos.  To  the  vacuum 
weights  I  append  the  ratio  2AgCl :  CdCl, :  :  100  :  x. 


CdCh. 

AgCL 

Ratio. 

3.09183 

4.83856 

63.900 

2.26100 

3.53854 

63.896 

135729 

2. 1 2431 

63.893 

2.05582 

3.21727 

63.899 

1.89774 

2.97041 

63.886 

3.50367 

5.48473 

63.880 

2.70292 

4.23087 

63.886 

4.24276 

6.63598 

63.936 

3.40200 

5.323i4 

63.910 

4.60659 

7.20386 

63.946 

2.40832 

3.76715 

63.930 

2.19144 

3.42724 

63.942 

2.84628 

4.45477 

63893 

2.56748 

4.01651 

63923 

2.31003 

3-61370 

63.924 

1.25008 

1.95652 

63.893 

1. 9601 5 

3.06541 

63.944 

2.29787 

3.59391 

63.938 

1.94227 

3.0381 1 

63.9' 5 

1.10976 

1.73547 

63.946 

1.63080 

2.55016 

63.949 

Mean,  63.916,  ±:  .0032 

Bucher  gives  a  rather  full  discussion  of  the  presumable  errors  in  this 
method,  which,  however,  he  regards  as  somewhat  compensatory.    The 
11 
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series  is  followed  by  a 
having  been  sublimed 

similar 
in  vacuo. 

one  with 
Results 

cadmium  bromide,  the  latter 
as  follows : 

CdBr^, 

AgBr, 

Ratio. 

439941 
3.18030 

3.60336 
4.04240 
3.60505 

6.07204 

4.38831 

4.97150 
5.58062 

4.97519 

72.454 
72.472 
72.480 

72.453 
72.461 

Mean 
Huntington  found 

,72.464,   ±.0035 
72.4216,  ±  .0028 

General  mean,  72.438,    ±  .0022 

In  order  to  fix  a  minimum  value  for  the  atomic  weight  of  cadmium, 
Bucher  effected  the  synthesis  of  the  sulphate  from  the  metal.  1.15781 
grammes  of  cadmium  gave  2.14776  of  sulphate. 

Hence  Cd=:  111.511. 

The  sulphate  produced  was  dried  ^t  400^,  and  afterwards  examined 
for  free  sulphuric  acid,  giving  a  correction  which  was  applied  to  the 
weighings.  The  corrected  weight  is  given  above.  Any  impurity  in  the 
sulphate  would  tend  to  lower  the  apparent  atomic  weight  of  cadmium, 
and  therefore  the  result  is  believed  by  the  author  to  be  a  minimum. 

Finally,  Bucher  examined  the  oxide  method  followed  by  Morse  and 
Jones.  The  syntheses  of  oxide  were  effected  in  double  crucibles,  first 
with  both  crucibles  porcelain,  and  afterwards  with  the  small  inner  cruci- 
ble of  platinum.  Two  experiments  were  made  by  the  first  method,  three 
by  the  last.    Weights  and  percentages  (Cd  in  CdO)  as  follows : 

Cd,  CdO,  Percentage. 

(  1. 26142  1. 44144  87.511 

1    .99785  I. 14035  87.504 


Mean,  87.508 

'1.11321  1.27247  87.484 

I. 024 I 2  I. I 7054  87.491 

2.80966  3.21 152  87.487 


Mean,  87.487 
Mean  of  all  as  one  series,  87.495,  =b  .0035 

The  two  means  given  above,  representing  work  done  with  })orcelain 
and  with  platinum  crucibles,  correspond  to  a  difference  of  about  0.2  in 
the  atomic  weight  of  cadmium.  Experiments  were  made  with  pure 
oxide  of  cadmium  by  converting  it  into  nitrate  and  then  back  to  oxide, 
exactly  as  in  the  foregoing  syntheses.  In  each  case  the  oxide  obtained 
at  the  end  of  the  operation  represented  an  increase  in  weight,  but  the 
increase  was  greater  in  platinum  than  in  porcelain.  Hence  the  weigh- 
ings of  cadmium  oxide  in  the  foregoing  determinations  probably  are 
subject  to  constant  errors,  and  cannot  be  trusted  to  fix  the  atomic  weight 
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of  cadmium.  Their  mean,  taken  in  one  series,  has  really  no  significance ; 
but  as  the  computations  in  this  work  involve  a  study  of  compensation 
of  errors,  the  data  may  be  combined  with  their  predecessors,  as  follows : 

Morse  and  Jones 87.5066,  ±  .00032 

Lorimer  and  Smith 87.5044,  ±  .0023 

Bucher S7-495f    ±i  .oo35 

General  mean 87.5064,  ±  .0003 

This  is  equivalent  to  the  absolute  rejection  of  Bucher's  data,  and  is 
therefore  not  wholly  fair  to  them.  His  work  throws  doubt  upon  the 
validity  of  the  ratio,  as  determined,  altogether. 

The  latest  determinations  relative  to  the  atomic  weight  of  cadmium 
are  those  of  Hardin,*  who  effected  the  electrolysis  of  the  chloride  and 
bromide,  and  also  made  a  direct  comparison  between  cadmium  and 
silver.  The  aqueous  solutions  of  the  salts,  mixed  with  potassium 
cyanide,  were  electrolyzed  in  platinum  dishes.  The  cadmium  which 
served  as  the  starting  point  for  the  investigation  was  purified  by  distil- 
lation in  hydrogen.  All  weights  are  reduced  to  a  vacuum.  The  data 
for  the  chloride  series  are  as  follows,  with  a  column  added  for  the  per- 
centage of  Cd  in  CdCl, : 

f^eighl  CdClr  Weight  Cd,                 Percentage  Cd, 

.43140  .26422  61.247 

.49>65  .30112  61.247 

.71752  .43942  61.241 

.72188  .44208  61.241 

.77264  .47319  61.245 

.81224  .49742  61.240 

.90022  .55>35  61.246 

1.02072  .62505  61.236 

1.26322  .77365  61.244 

1.52344  .93314  61.252 

Mean,  61.244,  ±  .0010. 

The  results  for  the  bromide,  similarly  stated,  are  these : 

Weight  CdBr^.  Weight  Cd.  Percentage  Cd, 

.57745  .23790  41.198 

.76412  . 31484  4».203 

.9*835  -37842  41.207 

1.01460  .41808  41.206 

1. 15074  .47414  41.203 

I. 24751  .51392  41.196 

I. 25951  .51905  4'. 210 

I. 51805  .62556  41.208 

1.63543  .67378  41.199 

2.15342  .88722  41.200 

Mean,  41.203,  db  0010. 

*  Journ.  Amer.  Chem.  Soc.,  18,  1016.    1896. 
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The  direct  comparison  of  cadmium  and  silver  was  effected  by  the 
simultaneous  electrolysis,  in  the  same  current,  of  double  cyanide  solu- 
tions. Silver  was  thrown  down  in  one  platinum  dish,  and  cadmium  in 
another.  The  process  was  not  altogether  satisfactory,  and  gave  diver- 
gent results,  those  which  are  cited  below  having  been  selected  by  Har- 
din from  the  mass  of  data  obtained.  I  have  added  in  a  third  column 
the  cadmium  proportional  to  100  parts  of  silver: 

Weight  Cd.  Weight  Ag,  Ratio, 

.12624  -24335  51.876 

.11032  .21262  51.886 

.12720  .24515  5»-887 

.12616  .24331  51-852 

.22058  .42520  51-877 

Mean,  51.876,  ±  .0041 

For  cadmium  we  now  have  the  following  ratios  : 

(I.)  Per  cent,  of  Cd  in  CdO,  87.5064,  ±  .0003 
(2.)  Per  cent,  of  CdO  in  CdCjO^,  63.966,  d=  .0010 
(3.)  Per  cent,  of  CdS  from  CdCgO^,  71.974,  di  .0007 
(4.)  Per  cent,  of  CdS  from  CdSO^,  69.202,  i  .0012 
(5-)  Ag,  :  CdCI,  :  :  100  :  84.843,  it  .0260 
(6.)  2AgCl  :  CdCl,  :  :  100  :  63.916,  zfc  .0032 
(7.)  Ag,  :  CdBr,  :  :  100  :  126.076,  d=  .0052 
(8.)  2AgBr  :  CdBr,  :  :  100  :  72.438,  ±  .0022 
(9.)  Per  cent,  of  Cd  in  CdCJ,,  61.244,  ±  .0010 

(10.)  Per  cent  of  Cd  in  CdBr,,  41.203,  ±  .0010 

(II.)  2Ag  :  Cd  :  :  100  :  51.876,  dr  .004I 

Bucher's  single  experiment  upon  the  synthesis  of  the  sulphate,  although 
important  and  interesting,  cannot  carry  weight  enough  to  warrant  its 
consideration  in  connection  with  the  other  ratios,  and  is  therefore  not 
included. 

The  antecedent  values,  for  use  in  computation  are — 

O   =  15.879,^.0003  s       =  31.828,  rt. 001 5 

Ag=  107.108,  zfc  .0031  c         =    11.920,^.0004 

C^l  =    35."  79,  =t  .0048  AgCl  =  142.287,  rb  .0037 

Br  =    79-344,  ±  -O062  AgBr  =  186.452,  zh  .0054 

For  the  molecular  weight  of  cadmium  chloride,  two  values  are  now 
deducible : 

From  (5) CdCI,  =  181.739,  rb  .0560 

From  (6) «*      =r  181.888,  rfc  .0103 

General  mean CdCl,  =  181.883,  ±  .0*38 

Hence  Cd  =  111.625,  ±:  .0138. 
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For  cadmium  bromide  we  have — 

From  (7) CdBr,  =  270.073,  ±  .0136 

From  (8) "      =270.124,^.0113 

General  mean CdBr,  =  270. 105,  4=  .0087 

Hence  Cd  =  111.417,  ±  .0151. 

For  cadmium  there  are  nine  independent  values,  as  follows  : 

From  (3) Cd  =  1 10.793,  d=  .0081 

From  (4) "  =1 10.890,  ±  .0069 

From  (2) "=  II  1.004,  dr. 0047 

From  (n) **  =  II1.127,  rb  .0095 

From  (9) "  =111. 183,  rt  .0155 

From  (10) "=  III. 202,  ±.0093 

From  (i) *•=  1 11.227,  dfc. 0034 

From  molecular  weight  CdBr, *•  =  111.417,  ^  .0151 

From  molecular  weight  CdCI, **  =  1 1 1.525,  ±  .0138 

General  mean Cd  =  11 1. 100,  rb  .0022 

IfO=  16,  Cd=  111.947.  • 

This  result  is  obviously  uncertain.  The  data  are  far  from  being  con- 
clusive, however,  and  I  am  therefore  inclined  to  trust  the  mean  rather 
than  any  one  of  the  values  taken  separately.  It  is  quite  possible  that 
the  highest  of  all  the  figures  may  be  nearest  the  truth,  as  Bucher's  ex- 
periments seem  to  indicate ;  but  until  new  evidence  is  obtained  it  would 
hardly  be  wise  to  make  any  selection.  The  mean  obtained  agrees  well 
with  the  data  of  Morse  and  Jones,  Lorimer  and  Smith,  and  Hardin. 
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MERCURY. 

In  dealing  with  the  atomic  weight  of  mercury  we  may  reject  the  early 
determinations  by  Sefstrom  *  and  a  large  part  of  the  work  done  by  Tur- 
ner.f  The  latter  chemist,  in  addition  to  the  data  which  will  be  cited 
below,  gives  figures  to  represent  the  percentage  composition  of  both  the 
chlorides  of  mercury ;  but  these  results  are  neither  reliable  nor  in  proper 
shape  to  be  used. 

First  in  order  we  may  consider  the  percentage  composition  of  mercuric 
oxide,  as  established  by  Turner  and  by  Erdmann  and  Marchand.  In 
both  investigations  the  oxide  was  decomposed  by  heat,  and  the  mercury 
was  accurately  weighed.  Gold  leaf  served  to  collect  the  last  traces  of 
mercurial  vapor. 

Turner  gives  four  estimations.  Two  represent  oxide  obtained  by  the 
ignition  of  the  nitrate,  and  two  are  from  commercial  oxide.  In  the  first 
two  the  oxide  still  contained  traces  of  nitrate,  but  hardly  in  weighable 
proportions.  A  comparison  of  the  figures  from  this  source  with  the  others 
is  sufficiently  conclusive  on  this  point.  The  third  column  represents  the 
percentage  of  mercury  in  HgO : 

144  805  grains  Hg  =11.54  grains  O.  92.619  per  cent. 

125.980  **  10.08       "  92.592       " 

173.561  "  13.82       '*  92.625       '* 

114.294  **  9.101       "  92.6?o       ** 

Mean,  92.614,  zt  .0050 

In  the  experiments  of  Erdmann  and  Marchand  J  every  precaution  was 
taken  to  ensure  accuracy.  Their  weighings,  reduced  to  a  vacuum  stand- 
ard, give  the  subjoined  percentages  : 

82.0079  grnn.  HgO  gave  75.9347  grm.  Hg.  92.594  per  cent. 

51.0320  "  47.2538       "  92.597       *' 

84.4996  *♦  78.2501       *•  92.604       ** 

44.6283  **  41.3285       •*  92.606       ** 

118.4066  "  109.6408       ••  92.597       " 


Mean,  92.5996,  i  .0015 

Hardin's  determination  of  the  same  ratio,  being  different  in  character, 
will  be  considered  later. 

With  a  view  to  establishing  the  atomic  weight  of  sulphur,  Erdmann 
and  Marchand  also  made  a  series  of  analyses  of  pure  mercuric  sulphide. 
These  data  are  now  best  available  for  discussion  under  mercury.    The 

*  SefstrOm.    Berz.  I^ehrb.,  5th  ed.,  3,  1215.    Work  done  in  1812. 

t  Phil.  Trans.,  1833,  531-535- 

X  Journ.  far  Prakt.  Chem.,  31,  395.    1844. 
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sulphide  was  mixed  with  pure  copper  and  ignited,  mercury  distilling 
over  and  copper  sulphide  remaining  behind.  Gold  leaf  was  used  to 
retain  traces  of  mercurial  vapor,  and  the  weighings  were  reduced  to 
vacuum : 

34.3568  grm.  HgS  gave  29.6207    gnn.  Hg.  86.215  P^r  cent.  Hg. 

24.8278  *'  21.40295         *'  86.206  ** 

37.2177  "  32.08416        "  86.207  *' 

80.7641  **  69.6372  *'  86.223  ** 

Mean,  86.2127,  ±  .0027 

For  the  percentage  of  mercury  in  mercuric  chloride  we  have  data  by 
Turner,  Millon,  Svanberg,  and  Hardin.  Turner,*  in  addition  to  some 
precipitations  of  mercuric  chloride  by  silver  nitrate,  gives  two  experi- 
ments in  which  the  compound  was  decomposed  by  pure  stannous 
chloride,  and  the  mercury  thus  set  free  was  collected  and  weighed.  The 
results  were  as  follows  : 

44.782  grains  Hg  =  15.90  grains  CI.  73-798  per  cent. 

73.09  "  25.97         "  73.784       " 

Mean,  73-791,  ±  -OOS 

Millon  t  purified  mercuric  chloride  by  solution  in  ether  and  sublima- 
tion, and  then  subjected  it  to  distillation  with  lime.  The  mercury  was 
collected  as  in  Erdmann  and  Marchand's  experiments.  Percentages  of 
metal  as  follows : 

73.87 
73.81 
73.83 
73.87 


Mean,  73.845,  d=  .010 

Svanberg,  J  following  the  general  method  of  Erdmann  and  Marchand, 
made  three  distillations  of  mercuric  chloride  with  lime,  and  got  the 
following  results : 

12.048  grin.  HgCI,  gave  8.889    g^™-  Hg.  73-780  per  cent. 

12.529  "  9.2456        **  73.794       " 

12.6491  "  9.3363        "  73-8io      " 


Mean,  73.795,  ±  .006 

The  most  recent  determinations  of  the  atomic  weight  of  mercury  are 
due  to  Hardin,§  whose  methods  were  entirely  electrolytic.  First,  pure 
mercuric  oxide  was  dissolved  in  dilute,  aqueous  potassium  cyanide,  and 

•  Phil.  Trans.,  1833.  531-535- 
t  Ann.  Chim.  Phys.  (3),  18,  345.    1846. 
t  Journ.  fflr  Prakt.  Chem.,  45,  47a.    1848. 
2  Journ.  Amer.  Chem.  Soc.,  18,  1003.    1896. 
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electrolyzed  in  a  platinum  dish.  Six  determinations  are  published,  out 
of  a  larger  number,  but  without  reduction  of  the  weights  to  a  vacuum. 
The  data,  with  a  percentage  column  added,  are  as  follows : 

Weight  HgO.  Weight  Hg,  Per  cent.  Hg. 

.26222  .24281  92.594 

.23830  .22065  92.593 

.23200  .21482  92.595 

.14148  .i3>oo  92.593 

.29799  .27592  92.594 

.19631  .18177  92.593 

Mean,  92.594,  d=ooo3. 

Various  sources  of  error  were  detected  in  these  experiments,  and  the 
series  is  therefore  rejected  by  Hardin.  It  combines  with  previous  series 
as  follows : 

Turner 92.614,    ±:  .0050 

Erdmann  and  Marchand 92.5996,  ±  .0015 

Hardin 92. 594,    ±  .0003 

General  mean 92.595,    dt  .0003 

Hardin  also  studied  mercuric  chloride,  bromide,  and  cyanide,  and  the 
direct  ratio  between  mercury  and  silver,  with  reduction  of  weights  to  a 
vacuum.  Electrolysis  was  conducted  in  a  platinum  dish,  as  usual. 
With  the  chloride  and  bromide,  the  solutions  were  mixed  with  dilute 
potassium  cyanide.  The  data  for  the  chloride  are  as  follows,  the  pet*- 
centage  column  being  added  by  myself: 

Weight  HgCl^.  Weight  Hg.                  Per  cent.  Hg. 

.45932  .339»2  73831 

.54735  .40415  73838 

.56002  .41348  73.833 

.63586              *  .46941  73.823 

.64365  .47521  73.831 

.73281  .54101  73-827 

.86467  .63840  73.832 

1.06776  .78825  73823 

1.07945  .79685  73.820 

1. 51402  1.U780  73830 

Mean,  73.829,  rb  .0012 

Combining  this  with  the  earlier  determinations,  we  have — 

Turner 73.791,  ih  .0050 

Millon 73.845,  dr  .OIOO 

Svanberg 73.795»  db  .0060 

Hardin \  73.829,  ±  .0012 

General  mean 73.826,  db  .001 1 


MERCURY. 

bromide  Hardin's 

data  are — 

VeightHgBrr 

Weight  Hg. 

Percent,  Hg, 

.70002 

.38892 

55.558 

.56430 

.31350 

55.555 

.57142 

.31750 

55.563 

.77285 

.42932 

55.550 

.80930 

.44955 

55548 

.85342 

.47416 

55.560 

I.I  1076 

.61708 

55.555 

I  17270 

.65145 

55.551 

1.26186 

.70107 

55.559 

I. 40142 

.77870 

55.565 
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Mean,  55.556,  ±.0012 


And  for  the  cyanide 


Weight  HgC^N^, 

Weight  Hg, 

Percent,  Hg. 

'SVn^ 

>442S2 

79.337 

.63290 

.50215 

79.341 

.70652 

.56053 

79.337 

.80241 

.63663 

79.340 

.65706 

.52130 

79.338 

.81678 

.64805 

79.342 

1.07628 

.85392 

79.340 

1. 22615 

.97282 

79.339 

1.66225 

1.31880 

79338 

2.11170 

1.67541 

79.339 

Mean 

,  79.339.  =b 

.0004 

In  the  last  series  cited  no  potassium  cyanide  was  used,  but  the  solution 
of  mercuric  cyanide,  with  the  addition  of  one  drop  of  sulphuric  acid, 
was  electrolyzed  directly. 

The  direct  ratio  between  silver  and  mercury  was  determined  by  throw- 
ing down  the  two  metals,  simultaneously,  in  the  same  electric  current. 
Both  metals  were  taken  in  double  cyanide  solution.  With  Hardin's 
equivalent  weights  I  give  a  third  column,  showing  the  quantity  of  mer- 
cury corresponding  to  100  parts  of  silver.  Many  experiments  were  re- 
jected, and  only  the  following  seven  are  published  by  the  author: 


Weight  Hg, 

Weight  Ag. 

Patio, 

.06126 

.06610 

92.678 

.06190 

.06680 

92.665 

.07814 

.08432 

92.671 

.10361 

.11181 

92.666 

.15201 

.16402 

92.678 

.26806 

.28940 

92.626 

.82808 

.89388 

92.639 

Mean,  92.660,  d:  .0051 
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We  now  have  six  ratios  involving  the  atomic  weight  of  mercury,  as 
follows : 

(i.)  Per  cent,  of  Hg  in  HgO,  92.595,  d:  .0003 
(2.)  Per  cent,  of  Hg  in  HgS,  86.2127,  :t  .0027 
(3.)  Per  cent,  of  Hg  in  HgCI,,  73.826,  zfc  .0011 
(4.)  Per  cent,  of  Hg  in  HgBr,,  55.556,  ±  .0012 
(5.)  Per  cent,  of  Hg  in  HgC,N„  79-339,  ±  .0004 
(6.)  2Ag  :  Hg  :  :  100  :  92.660,  db  .0051 

The  calculations  involve  the  following  values  : 

O  =  15.879,  d=  .0003  Br  =  79.344,  ±  'O062 

Ag=  107. 108,  dr. 0031  S    =31.828,  ±.0015 

CI  =   35. '79,  =t  .0048  C  =  11.920,  db  .0004 

N  =  13.935,  =t  -0021 

Hence  the  values  for  mercury  are — 

From  (i) Hg  =  198.557,  dt  .0084 

From  (2) "    =  199.027,  it  .0406 

From  (3) **    =  198.482,  ±  .0285 

From  (4)   "    =198.364,^.0170 

From  (5) "   =  198.568,  db  .0170 

From  (6) »*    =  198.493,  dt  .0124 

General  mean Hg  =  198.532,  db  .0059 

If  0  =  16,  Hg  =  200.046. 

But  according  to  Hardin  the  value  derived  from  the  analyses  of  mer- 
curic oxide  is  untrustworthy.  Rejecting  this,  and  also  the  abnormally 
high  result  from  the  sulphide  series,  the  general  mean  of  the  four  re- 
maining values  is — 

Hg  =  198.491,^.0083, 

or,  with  0  =  16.  Hg  =  200.004.    These  figures  seem  to  be  the  best  for 
the  atomic  weight  of  mercury. 
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BORON. 


In  the  former  edition  of  this  work  the  data  relative  to  boron  were  few 
and  unimportant.  There  was  a  little  work  on  record  by  Berzelius  and 
by  Laurent,  and  this  was  eked  out  by  a  discussion  of  Deville's  analyses 
of  boron  chloride  and  bromide.  As  the  latter  were  not  intended  for 
atomic  weight  determinations  they  will  be  omitted  from  the  present  re- 
calculation, which  includes  the  later  researches  of  Hoskyns-Abrahall, 
Ramsay  and  Aston,  and  Rimbach. 

Berzelius*  based  his  determination  upon  three  concordant  estima- 
tions of  the  percentage  of  water  in  borax.  Laurent  f  made  use  of  two 
similar  estimations,  and  all  five  may  be  properly  put  in  one  series,  thus : 

47.10] 

47. 10  V  Berzelius. 

47. 10  J 

^7-15  I  Laurent. 
47.20  i 


Mean,  47.13,  ±.013 

In  1892  the  posthumous  notes  of  the  late  Hoskyns-Abrahall  were 
edited  and  published  by  Ewan  and  Hartog.  J  This  chemist  especially 
studied  the  ratio  between  boron  bromide  and  silver,  and  also  redeter- 
mined the  percentage  of  water  in  crystallized  borax.  The  latter  work, 
which  was  purely  preliminary,  although  carried  out  with  great  care,  gave 
the  following  results,  reduced  to  vacuum  standards  : 


^BfiylOH^O, 

Na^ff^Or 

Per  cent  H^O. 

J.00667 

3.69587 

47.2069 

12.95936 

6.82560 

47.3308 

4.65812 

2.45248 

47.3504 

4.47208 

3.93956 

47.2763 

4.94504 

2.60759    . 

47.2686 

Mean,  47.2866,  ±  .0171 

Two  sets  of  determinations  were  made  with  the  bromide,  which  was 
prepared  from  boron  and  bromine  directly,  freed  from  excess  of  the 
latter  by  standing  over  mercury,  and  finally  collected,  after  distillation, 
in  small,  weighed,  glass  bulbs.  It  was  titrated  with  a  solution  of  silver 
after  all  the  usual  precautions.  The  first  series  of  experiments  was  as 
follows,  with  BBrj  proportional  to  100  parts  of  silver  stated  as  the  ratio  : 

*Pogg:end.  Annalen.  8,  z.    1826. 

t  Journ.  fQr  Prakt.  Chem.,  47,  415.    1849. 

IJourn.  Chem.  Soc.,  61,  650.    August,  1893. 
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BBr^.  Ag,  Ratio, 

i.3«203  1.69406  77.449 

4.39944  5.67829  77.478 

5.04022  6.50820  77.444 

6.51597  8,38919  77.433 

7.75343  10.01235  77.439 

Mean,  77.449,  ±  •«>53 

This  series  of  data  is  regarded  by  the  editors  as  preliminary,  and  not 
entitled  to  much  consideration.  The  second  series,  which  follows,  was 
the  final  one ;  both  represent  vacuum  standards  : 

BBr^,  Ag,  Ratio, 

4.467835  5.771268  77.415 

8.42315 1  10.880648  77.414 

1.655111  2.137593  77.429 

8.032352  10.374201  77426 

4.092743  5.285949  77.427 

2.389993  3.086842  77.425 

7.721944  9.974054  77.420 

Mean,  77.422,  ±.  .0018 
First  scries,  77.449,  ±  .0053 

General  mean,  77.425,  db  .0017 

Ramsay  and  Aston,*  in  their  paper  upon  the  atomic  weii^ht  of  boron, 
suggest  that  Abrahall's  bromide  may  have  contained  hydrobromic  acid, 
which  would  fully  account  for  the  low  result  obtained.  They  them- 
selves adoi)t  two  distinct  methods,  the  first  one  being  the  time-honored 
determination  of  water  in  crystallized  borax.  The  latter  was  prepared 
from  pure  boric  acid  and  pure  sodium  hydroxide.  Results  as  follows, 
reduced  to  a  vacuum  : 

Na^B^O^,ioH^O.  Aa^B^O^,  Percent.  H^O. 

10.3581602  54784357  47'099 

5.3440080  2.8246677  47.1433 

4.9962580  2.6378934  47.2026 

5.7000256  3.0101127  47.1912 

5.3142725  2.8065646  47.1882 

4.9971924  2.6392016  47.1865 

5.2366921  2.7674672  47.1524 

Mean,  47.J677,  ±  .0086. 

This  we  may  combine  with  the  previous  determinations,  thus : 

Rerzelius  with  Laurent 47.13,      ±  .0130 

Hoskyns-Abrahall 47.2866,  ±  .0171 

Ramsay  and  Aston 47. 1677,  rfc  .0086 

General  mean 47. 1756,  ±:  .0066 

•  Journ.  Chem.  Soc..  63,  211.    1893. 
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The  second  method  adopted  by  Ramsay  and  Aston  was  to  distill  anhy- 
drous borax  with  hydrochloric  acid  and  methyl  alcohol,  both  scrupu- 
lously pure,  thereby  converting  it  into  sodium  chloride.  The  operation 
was  conducted  in  a  glass  flask,  and  in  the  first  series  of  determinations 
ordinary  soft  glass  was  used.  This,  however,  was  somewhat  attacked, 
so  that  the  sodium  chloride  contained  silica;  hence  oxygen  in  the  ma- 
terial of  the  flask  had  been  replaced  by  chlorine,  thereby  increasing  its 
weight,  and  lowering  the  apparent  atomic  weight  of  boron.  In  a  second 
series  flasks  of  hard  combustion  tubing  were  taken,  and  the  error,  though 
not  absolutely  avoided,  was  reduced  to  a  very  small  amount.  Both  series 
are  subjoined,  together  with  the  percentage  of  chloride  formed ;  but  the 
weights,  given  by  the  authors  to  seven  decimal  places,  are  only  quoted 
to  the  nearest  tenth  milligramme.  They  are  reduced  to  vacuum  stand- 
ards. 


4.7684 
5.2740 
3.2344 
4.0862 

3.4970 


5.3118 
4.7806 

4.9907 
4.723" 
3.3>38 


First  Series. 

NaCL 

Per  cent,  NaCL 

2.7598 

57.877 

3.0578 

57.978 

1.8727 

57.899 

2.3713 

58.032 

2.0266 

Mean, 

57.953 

,  57.948,  ±:  .0187 

Second  Series, 

NaCL 

PercenL  NaCL 

3.0761 

57.9" 

2.7700 

57.943 

2.8930 

57.968 

2.7360 

57.928 

1.9187 

Mean 

57.900 

,  57.930,  dt  .0081 

First  series, 

,  57.948,  ±  .0187 

General  mean  of  both,  57.933,  ±  .0074 


As  a  check  upon  the  last  series  of  results,  the  sodium  chloride  was 
dissolved  in  water,  and  precipitated  with  silver  nitrate.  The  silven 
chloride  was  collected  and  weighed  in  a  Gooch  crucible,  and  its  weight 
gives  a  new  ratio  with  anhydrous  borax.  The  cross  ratio  between  the 
two  chlorides,  silver  and  sodium,  has  already  been  used  in  the  discussion 
upon  sodium.  The  new  ratio  I  give  in  terms  of  NajB^O^  equivalent  to 
100  parts  of  AgCl. 
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:s. 

Na^B.O^, 

^^a. 

Ratio. 

5.3118 

7.5259 

70.580 

4.7806 

6.7794 

70.517 

4.9907 

7.0801 

70.489 

4.7231 

6.6960 

70.536 

3.3>38 

4.6931 

70.610 

Mean,  70.546,  ±  .0146 


Rimbach  *  based  his  determination  of  the  atomic  weight  of  boron  upon 
the  fact  that  boric  acid  is  neutral  to  methyl  orange,  and  that  therefore 
it  is  possible  to  titrate  a  solution  of  borax  directly  with  hydrochloric 
acid.  His  borax  was  prepared  from  carefully  purified  boric  acid  and 
sodium  carbonate,  and  his  hydrochloric  acid  was  standardized  by  a  series 
of  precipitations  and  weighings  as  silver  chloride.  It  contained  1.84983 
per  cent,  of  actual  HCl.  The  borax,  dissolved  in  water,  was  titrated  by 
means  of  a  weight-burette.  I  give  the  weights  found  in  the  first  and 
second  columns  of  the  following  table,  and  in  the  third  column,  calcu- 
lated by  myself,  the  HCl  proportional  to  100  parts  of  crystallized  borax. 
Rimbach  himself  computes  the  percentage  of  Na,0  and  thence  the  atomic 
weight  of  boron,  but  the  ratio  Na,B^O,.10H,0 :  2HC1  is  the  ratio  actually 
determined. 


N(L,Bfi^.roH^O, 

HCl  Solution, 

Ratio, 

10.00214 

103.195* 

'9.0853 

1532772 

158.1503 

19.0864 

15.08870 

155.7271 

19.0917 

10.12930 

104.5448 

19.0922 

5.25732 

54.2571 

19.0908 

15.04324 

155.2307 

19.0883 

15.04761 

155.2959 

19.0908 

10.43409 

107.6602 

19.0868 

504713 

52.0897 

19.0915 

Mean,  19.0893,  ±i  .0006 

Obviously,  this  error  should  be  increased  by  the  probable  errors  in- 
volved in  standardizing  the  acid,  but  they  are  too  small  to  be  worth 
considering. 

The  following  ratios  are  now  available  for  boron  : 

(i)  Percentage  of  water  in  NajB^O^.  ioH,0,  47.1756,  rb  .0066 

(2)  3Ag  :  BUr,  :  :  100  :  77-425,  ±  .0017 

(3)  NajB^Oy  :  2NaCl  :  :  100  :  57.933»  =b  .0074 

(4)  2AgCl  :  Na,B^O,  :  :  lOO  :  70.546,  ar  .0146 

(5)  NajB^y.ioHjO  :  2HCI  :  :  100  :  19.0893,  db  .0006 

^  Berichte  Deutsch.  Chem.  Gesell.,  a6,  164.    1993. 
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For  reduction  we  have  the  antecedent  atomic  and  molecular  weights — 

O  =   15.879,  d=  .0003  Na     =  22.881,  d=  .0046 

Ag=  107.108,  db  .0031  NaCl  =    58.060,  ±  .0017 

CI  =   35.179,  ±  .0048  AgCl  =  142.287,  ±:  .0037 
Br  =   79.344,  ±  .0062 

For  the  molecular  weight  of  NajB^O,  we  now  have — 

From  (i) Na,B^O^  =  200.198,  dh  .0377 

From  (3) "        r=  200.439,  =b  .0263 

From  (4) **        =  200.756,  d=  .0419 

From  (5) **       =200.260,  ±.051  J< 

General  mean Na,B^O,  =  200.421,  dr  .0180 

Hence  B  =  10.876^  ±  .0051. 

From  ratio  (2),  B  =  10.753,  ±  .0207.    The  two  values  combined  give— 

B  =  10.863,  di  .0050. 

Or,  if  0=  16,  B=  10.946. 

If  we  consider  ratios  (1),  (3),  (4),  and  (5)  separately,  they  give  the  fol- 
lowing values  for  B : 

From  (1) B  =  10.821 

From  (3) '*  =  10.881 

From  (4) "  =  10.960 

From  (5) "  =  10.836 

Of  these,  the  second  and  third  involve  the  data  from  which,  in  a 
previous  section  of  this  work,  the  ratio  NaCl :  AgCl  was  computed.  In 
using  that  ratio  for  measuring  the  molecular  weights  of  its  component 
molecules,  discordance  was  noted,  which  again  appears  here.  The  chief 
uncertainty  in  it  seems  to  be  connected  with  ratio  (4),  which  is  therefore 
entitled  to  comparatively  little  credence,  although  its  rejection  is  not 
necessary  at  this  point.  In  ratio  (2),  Abrahall's  determination,  the  high 
probable  error  of  B  is  due  to  the  also  high  probable  error  of  3Br,  and  it 
is  quite  likely  that  the  result  is  undervalued.  The  general  mean,  B  = 
10.863,  ±  .0050,  however,  can  hardly  be  much  out  of  the  way.  It  is  cer- 
tainly more  probable  than  any  one  of  the  individual  values. 
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ALUMINUM. 


The  atomic  weight  of  aluminum  has  been  determined  by  Berzelius, 
Mather,  Tissier,  Dumas,  Isnard,  Terreil,  Mallet,  and  Baubigny.  The 
early  calculations  of  Davy  and  of  Thomson  we  may  properly  disregard. 

Berzelius'  *  determination  rests  upon  a  single  experiment.  He  ignited 
10  grammes  of  dry  aluminum  sulphate,  AljCSO^),,  and  obtained  2.9934 
grammes  of  Al^O,  as  residue. 

Hence  Al  =  27.103. 

In  1835 1  Mather  published  a  single  analysis  of  aluminum  chloride, 
from  which  he  sought  to  fix  the  atomic  weight  of  the  metal.  0.G46  grm. 
of  AlCl,  gave  him  2.056  of  AgCl  and  0.2975  of  A1,0,.  These  figures  give 
worthless  values  for  Al,  and  are  included  here  only  for  the  sake  of  com- 
pleteness.   From  the  ratio  between  AgCl  and  AlCl,,  Al  =  28.584. 

Tissier's  J  determination,  also  resting  on  a  single  experiment,  appeared 
in  1858.  Metallic  aluminum,  containing  .135  per  cent,  of  sodium,  was 
dissolved  in  hydrochloric  acid.  The  solution  was  evaporated  with  nitric 
acid  to  expel  all  chlorine,  and  the  residue  was  strongly  ignited  until  only 
alumina  remained.  1.935  grm.  of  Al  gave  3.645  grm.  of  A1,0,.  If  we 
correct  for  the  trace  of  sodium  in  the  aluminum,  we  have  Al  =  26.930. 

Essentially  the  same  method  of  determination  was  adopted  by  Isnard,  § 
who,  although  not  next  in  chronological  order,  may  fittingly  be  men- 
tioned here.  He  found  that  9  grm.  of  aluminum  gave  17  grm.  of  AljO,. 
Hence  Al  =  26.8 

In  1858  Dumas,  II  in  connection  with  his  celebrated  revision  of  the 
atomic  weights,  made  seven  experiments  with  aluminum  chloride.  The 
material  was  prepared  in  quantity,  sublimed  over  iron  filings,  and  finally 
resublimed  from  metallic  aluminum.  Each  sample  used  was  collected 
in  a  small  glass  tube,  after  sublimation  from  aluminum  in  a  stream  of 
dry  hydrogen,  and  hermetically  enclosed.  Having  been  weighed  in  the 
tube,  it  was  dissolved  in  water,  and  the  quantity  of  silver  necessary  for 
precipitating  the  chlorine  was  determined.  Reducing  to  a  common 
standard,  his  weighings  give  the  quantities  of  AlClj  stated  in  the  third 
column,  as  proportional  to  100  parts  of  silver : 


1.8786 

gitn. 

Al( 

-'s- 4  543  grm.  Ag. 

41.352 

3.021 

7.292 

41.459-Bad. 

2.399 

5.802 

41.348 

1.922 

4.6525 

41.3" 

1.697 

4.1015 

41.375 

4.3165 

10.448 

4i.3'4 

6.728 

16.265 

41.365 

♦Pojfgend.  Annal.,  8,  177. 

tSilliman*s  Amer.  Journ.,  27.  241. 

tCompt.  Rend.,  46,  1103. 

I  Cotnpt.  Rend.,  66,  508.    1868. 

I  Ann.  Chim.  Phya.  (3),  55,  151.    Ann.  Chem.  Phamx.,  113,  a6. 
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In  the  second  experiment  the  AlCl,  contained  traces  of  iron.  Reject- 
ing this  experiment,  the  remaining  six  give  a  mean  of  41.344,  ±  .007. 
These  data  give  a  value  for  Al  approximating  to  27.6,  and  were  for 
many  years  regarded  as  satisfactory.  It  now  seems  probable  that  the 
chloride  contained  traces  of  an  oxy-compound,  which  would  tend  to 
raise  the  atomic  weight. 

In  1879  Terrell  *  published  a  new  determination  of  the  atomic  weight 
under  consideration,  based  upon  a  direct  comparison  of  the  metal  with 
hydrogen.  Metallic  aluminum,  contained  in  a  tube  of  hard  glass,  was 
heated  strongly  in  a  current  of  dry  hydrochloric  acid.  Hydrogen  was 
set  free,  and  was  collected  over  a  strong  solution  of  caustic  potash. 
0.410  grm.  of  aluminum  thus  were  found  equivalent  to  508.2  cc,  or 
.045671  grm.  of  hydrogen.    Hence  Al  =  26.932. 

About  a  year  after  Terreil's  determination  appeared,  the  lower  value 
for  aluminum  was  thoroughly  confirmed  by  J.  W.  Mallet.f  After  giving 
a  full  r&um6  of  the  work  done  by  others,  exclusive  of  Isnard,  the  author 
describes  his  own  experiments,  which  may  be  summarized  as  follows  : 

Four  methods  of  determination  were  employed,  each  one  simple  and 
direct,  and  at  the  same  time  independent  of  the  others.  First,  pure 
ammonia  alum  was  calcined,  and  the  residue  of  aluminum  oxide  was 
estimated.  Second,  aluminum  bromide  was  titrated  with  a  standard 
solution  of  silver.  Third,  metallic  aluminum  was  attacked  by  caustic 
soda,  and  the  hydrogen  evolved  was  measured.  Fourth,  hydrogen  was 
set  free  by  aluminum,  and  weighed  as  water.  Every  weight  was  care- 
fully verified,  the  verification  being  based  upon  the  direct  comparison, 
by  J.  E.  Hilgard,  of  a  kilogramme  weight  with  the  standard  kilogramme 
at  Washington.  The  specific  gravity  of  each  piece  was  determined,  and 
also  of  all  materials  and  vessels  used  in  the  weighings.  During  each 
weighing  both  barometer  and  thermometer  were  observed,  so  that  every 
result  represents  a  real  weight  in  vacuo. 

The  ammonium  alum  used  in  the  first  series  of  experiments  was 
specially  prepared,  and  was  absolutely  free  from  ascertainable  impuri- 
ties. The  salt  was  found,  however,  to  lose  traces  of  water  at  ordinary 
temperatures — a  circumstance  which  tended  towards  a  slight  elevation 
of  the  apparent  atomic  weight  of  aluminum  as  calculated  from  the 
weighings.  Two  sets  of  experiments  were  made  with  the  alum ;  one 
upon  a  sample  air-dried  for  two  hours  at  21^-25°,  the  other  upon  mate- 
rial dried  for  twenty-four  hours  at  19°-26®.  These  sets,  marked  A  and 
B  respectively,  differ  slightly,  B  being  the  less  trustworthy  of  the  two, 
judged  from  a  chemical  standpoint.  Mathematically  it  is  the  better  of 
the  two.  Calcination  was  effected  with  a  great  variety  of  precautions, 
concerning  which  the  original  memoir  must  be  consulted.  To  Mallet's 
weighings  I  append  the  percentages  of  AljO,  deduced  from  them  : 

♦  Bulletin  de  la  Soc.  Chimique,  31, 153. 
t  Phil.  Trans.,  1880,  p.  1003. 
12 


II 

.270  per  cent. 

II 

.273   •' 

II 

.275   " 

II 

.278   " 

II 

.266   " 

II.: 

2724,  ±:  .0014 

II 

.287  per  cent. 

II 

.283   " 

II 

.286   •* 

II 

.278   - 

II 

283   " 
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Series  A. 

8.2144  grm.  of  the  alum  gave    .9258  grm.  Al^O,. 
14-0378  "  1.5825 

5.6201  '*  .6337 

J  1.2227  "  1.2657         ** 

10.8435  **  1. 2216        '* 


Series  B. 
12.1023  grm.  of  the  alum  gave  1.3660  grm.  AI^O,. 

I0.4S44  **  1. 1796 

6.7962  *'  .7670 

8.5601  **  .9654 

4.8992  "  .5528 

Mean,  11.2834,  db  001 1 

Combined,  these  series  give  a  general  mean  of  11.2793,  ±.  0008.  Hence 
Al=  26.952. 

The  aluminum  bromide  used  in  the  second  series  of  experiments  was 
prepared  by  the  direct  action  of  bromine  upon  the  metal.  The  product 
was  repeatedly  distilled,  the  earlier  portions  of  each  <listillate  being  re- 
jected, until  a  constant  boiling  point  of  263.^3  at  747  mm.  pressure  waa 
noted.  The  last  distillation  was  effected  in  an  atmosphere  of  pure  nitro- 
gen, in  order  to  avoid  the  possible  formation  of  oxide*  or  oxy-bromide  of 
aluminum ;  and  the  distillate  was  collected  in  three  portions,  which 
proved  to  be  sensibly  identical.  The  indi\ddual  samples  of  bromide 
were  collected  in  thin  glass  tubes,  which  were  hermetically  sealed  after 
nearly  filling.  For  the  titration  pure  silver  was  prepared,  and  after 
fusion  upon  charcoal  it  was  heated  in  a  Sprengel  vacuum  in  order  to 
eliminate  occluded  gases.  This  silver  was  dissolved  in  specially  purified 
nitric  acid,  the  latter  but  very  slightly  in  excess.  The  aluminum  bro- 
mide, weighed  in  the  sealed  tube,  was  dissolved  in  water,  precautions  be- 
ing taken  to  avoid  any  loss  by  splashing  or  fuming  which  might  result 
from  the  violence  of  the  action.  To  the  solution  thus  obtained  the  silver 
solution  was  added,  the  silver  being  something  less  than  a  decigramme 
in  deficiency.  The  remaining  amount  of  silver  needed  to  complete  the 
precipitation  of  the  bromine  was  added  from  a  burette,  in  the  form  of  a 
standard  solution  containing  one  milligramme  of  metal  to  each  cubic 
centimetre.  The  final  results  were  as  follows,  the  figures  in  the  third 
column  representing  the  quantities  of  bromide  proportional  to  100  parts 
of  silver.  Series  A  is  from  the  first  portion  of  the  last  distillate  of  AlBr, ; 
series  B  from  the  second  portion,  and  series  C  from  the  third  portion : 

Series  A. 

6.0024  grm.  AlBr8=  7.2793  grm.  Ag.  82.458 
8.6492  «*  10.4897  *'  82.454 
3.«8o8     **      3.8573    **         82.462 
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Series  B. 


6.9617  grm.  AlBr,=  8.4429  grm.  Ag.  82.456 

11.2041  **      13.5897    **  82.445 

3.7621  *'       4.5624    •*  82.459 

5.2842  "       6.4085    "  82.456 

9.7338  *•      11.8047    '*  82.457 

Series  C. 

9.3515  P^m.  AlBr,=  11.3424  grm.  Ag.  82.447 

4.4426  "  5.3877         "  82.458 

5.2750  "  6.3975         "  82.454 

Mean,  82.455,  d=  .001 

Hence  Al  =  26.916. 

The  experiments  to  determine  the  amount  of  hydrogen  evolved  by  the 
action  of  caustic  soda  upon  metallic  aluminum  were  conducted  with  pure 
metal,  specially  prepared,  and  with  caustic  soda  made  from  sodium. 
Ilie  soda  solution  was  so  strong  as  to  scarcely  lose  a  perceptible  amount 
of  water  by  the  passage  through  it  of  a  dry  gas  at  ordinary  temperature. 
As  the  details  of  the  experiments  are  somewhat  complex,  the  original 
memoir  must  be  consulted  for  them.  The  following  results  were  obtained, 
the  weight  of  the  hydrogen  being  calculated  from  the  volume,  reckoned 
at  .089872  gi-amme  per  litre. 


VL  AL 

Vol.  H. 

WLH, 

AL  WL 

•3697 

458.8 

.041234 

26.898 

.3769 

467.9 

.042051 

26.889 

.3620 

449.1 

.040362 

26.907 

.7579 

941.5 

.084614 

26.872 

.73*4 

907.9 

.081595 

26.891 

.7541 

936.4 

.084156 

26.882 

Mean,  26.890,  it  .0034 

The  closing  series  of  experiments  was  made  with  larger  quantities  of 
aluminum  than  were  used  in  the  foregoing  set.  The  hydrogen,  evolved 
by  the  action  of  the  caustic  alkali,  was  dried  by  passing  it  through  two 
drying  tubes  containing  pumice  stone  and  sulphuric  acid,  and  two  others 
containing  asbestos  and  phosphorus  pentoxide.  Thence  it  passed 
through  a  combustion  tube  containing  copper  oxide  heated  to  redness. 
A  stream  of  dry  nitrogen  was  employed  to  sweep  the  last  traces  of  hy- 
drogen into  the  combustion  tube,  and  dry  air  was  afterwards  passed 
through  the  entire  apparatus  to  reoxidize  the  surface  of  reduced  copper, 
and  to  prevent  the  retention  of  occluded  hydrogen.  The  water  formed 
by  the  oxidation  of  the  hydrogen  was  collected  in  three  drying  tubes. 
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The  results  obtained  were  as  follows.    The  third  column  gives  the  amount 
of  water  formed  from  10  grammes  of  aluminum. 

2.1704  grm.  Al  gave  2.1661  grm.  H^O.  9.9802 

2.9355  **  2.9292        **  99785 

5.2632  **  5.2562         "  9.9867 


Mean,  9.9818,  zb  .0017 

Hence  Al  =  26.867. 

From  the  last  two  series  of  experiments  an  independent  value  for  the 
atomic  weight  of  oxygen  may  be  calculated.  It  becomes  0  =  15.895. 
The  closeness  of  this  figure  to  some  of  the  best  determinations  affords  a 
good  indication  of  the  accuracy  of  Mallet's  work. 

In  connection  with  Mallet's  work  it  is  worth  noting  that  Torrey  *  pub- 
lished a  series  of  measurements  of  the  H  :  Al  ratio,  representing  determi- 
nations made  under  his  direction  by  elementary  students.  These  meas- 
urements are  thirteen  in  number,  and  calculated  with  Regnault's  old 
value  for  the  weight  of  hydrogen,  range  from  26.661  to  27.360,  pr  in  mean, 
27.049,  ±  .323.  Corrected  by  the  latest  value  for  the  weight  of  H,  this 
mean  becomes  26.967.  The  result,  of  course,  has  only  confirmatory 
significance. 

By  Baubignyt  we  have  only  two  determinations,  based  upon  the 
calcination  of  anhydrous  aluminum  sulphate,  Al^CSOJ,. 

3.6745  grm.  salt  gave  1.0965  Al^O,.  29.841  per  cent. 

2.539  **  .7572     **  29.823      ** 

Mean,  29.832,  dc  .0061 

Hence  Al  =  26.858. 

It  is  clear  that  the  single  determinations  of  Berzelius,  Mather,  Tissier, 
Isnard,  and  Terreil  may  now  be  safely  left  out  of  account,  for  the  reason 
that  none  of  them  could  afiect  appreciably  the  final  value  for  Al.  The 
ratios  to  consider  are  as  follows : 

(I.)  3Ag  :  AlCIg  :  :  100  :  41.344,  ±  .0070 

(2.)  Percentage  of  Al,Oj  in  ammonium  alum,  11.2793,  ^  .0008 

(3.)  3Ag  :  AlBr,  :  :  100  :  82.455,  dt  .0010 

(4.)  H  :  Al  ;  :  I  :  26.890,  rh  .0034 

(5.)  Al,  :  3HjO  :  :  10 :  9.9818,  d=  .0017 

(6.)  Percentage  of  AljOg  in  Al,(SO^)8,  29.832,  d=  .0061 

The  antecedent  values  are — 

O    =    15.879,  ib  .0003  Br=    79.344,  dr  .0062 

Ag  =  107. 108,  rfc  .0031  N  =    13.935,  zfc  .0021 

CI  =    35. '79,  ±.0048  S   =    31.828,  dt  .0015 


•  Am.  Chem.  Journ.,  10,  74.    i8fi 
t  Corapt.  Rend.,  97,  1369.    1883. 
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Hence  for  aluminum  we  have — 

From  (i) Al  =  27.31 1,  ±  .0270 

From  (2) **  =  26.952,  d=  .0037 

From  (3) **  =  26.916,  ±  .0201 

From  (4) **  =  26.890,  ±  .0034 

From  (5) "  =  26.867,  zt  .0046 

From  (6) **  =26.858,  ±.0113     . 

General  mean Al  =  26,906,  dt  .0021 

With  0  =  16,  Al  =  27.111.    The  rejection  of  Dumas'  data  only  lowers 
the  result  to  26.903. 


GALLIUM. 

Gallium  has  been  so  recently  discovered,  and  obtained  in  such  small 
quantities,  that  its  atomic  weight  has  not  as  yet  been  determined  with 
much  precision.  TTie  following  data  were  fixed  by  the  discoverer, 
Lecoq  de  Boisbaudran  :  * 

3.1044  grammes  gallium  ammonium  alum,  upon  ignition,  left  .5886 
grm.  Ga,0,. 

Hence  Ga  =  69.595.    If  0  =  16,  Ga  =  70.125. 

.4481  grammes  gallium,  converted  into  nitrate  and  ignited,  gave 
.6024  grm.  Ga,0,. 

Hence  Ga  =  69.171.    If  0  =  16,  Ga  =  69.698. 

These  values,  assigned  equal  weight,  give  these  means  : 

With  H  =  1,  Ga  ==  69.383.  With  O  =  16,  Ga  =  69.912 

•  Journ.  Chem.  Soc.,  1878,  p.  646. 
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INDIUM. 

Reich  and  Richter,  the  discoverers  of  indium,  were  also  the  first  to 
determine  its  atomic  weight*  They  dissolved  weighed  quantities  of  the 
metal  in  nitric  acid,  precipitated  the  solution  with  ammonia,  ignited  the 
precipitate,  and  ascertained  its  weight.  Two  experiments  were  made,  as 
follows : 

•5 '35  g^°^'  indium  gave  .6243  grm.  InjO,. 
.699  "  .8515 

Hence,  in  mean,  In  =  110.61,  if  0  =  16 ;  a  value  known  now  to  be 
too  low. 

An  unweighed  quantity  of  fresh,  moist  indium  sulphide  was  also  dis- 
solved in  nitric  acid,  yielding,  on  precipitation, 

.2105  grm.  In^O,  and  .542  grm.  BaS04. 

Hence,  with  BaSO,  =  233.505,  In  =  112.03 ;  also  too  low. 
Soon  after  the  publication  of  Reich  and  Richter's  paper  the  subject 
was  taken  up  by  Winkler. f-    He  dissolved  indium  in  nitric  acid,  evap- 
orated to  dryness,  ignited  the  residue,  and  weighed  the  oxide  thus 
obtained. 

.5574  gnn.  In  gave  .6817  grm-  lOjO,. 
.6661     *•     .8144    *• 
.5011     **     .6126    ** 

Hence,  in  mean,  if  0  =  16,  In  =  107.76 ;  a  result  even  lower  than  the 
values  already  cited. 

In  a  later  paper  by  Winkler  J  better  results  were  obtained.  Two 
methods  were  employed.  First,  metallic  indium  was  placed  in  a  solu- 
tion of  pure,  neutral,  sodio-auric  chloride,  and  the  amount  of  gold  pre- 
cipitated was  weighed.  I  give  the  weighings  and,  in  a  third  column, 
the  amount  of  indium  proportional  to  100  parts  of  gold  : 

In,  Au.  Ratio* 

.4471  grm.  .8205  gim.  57-782 

.8445    "  1-4596    "  57.858 

Mean,  57.820,  db  .026 

Hence,  if  Au  =  195.743,  ih  .0049,  In  =  113.179,  zt  .0517. 
Winkler  also  repeated  his  earlier  process,  converting  indium  into 
oxide  by  solution  in  nitric  acid  and  ignition  of  the  residue.     An  ad- 

•  Joum.  fflr  Prakt.  Chem.,  9a,  484. 
t  Journ.  fftr  Prakt.  Chem.,  94,  8. 
J  Journ.  fQr  Prakt.  Chera.,  loa,  aSa. 
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ditional  experiment,  the  third  as  given  below,  was  made  after  the  method 
of  Reich  and  Richter.    The  third  column  gives  the  percentage  of  In  in 

In  A: 

1. 124  grm.  In  gave  1.3616  gnu.  In,Oj.  Per  cent.,  82.550 

1.015     "     1.2291    **  "    82.581 

.6376    "      .7725    "  "    82.537 

These  figures  were  confirmed  by  a  single  experiment  of  Bunsen's  * 
published  simultaneously  with  the  specific  heat  determinations  which 
showed  that  the  oxide  of  indium  was  InjO,»  and  not  InO,  as  had  been 
previously  supposed : 

1.0592  grm.  In  gave  1.2825  S^^-  ^"s^s*     ^^^  ^^^^'  ^"1  82.589 

For  convenience  we  may  add  this  figure  in  with  Winkler's  series,  which 
gives  us  a  mean  percentage  of  In  in  lUjO,  of  82.564,  ±  .0082.  Hence,  if 
0  =  15.879,  It  .0003,  In  =  112.787,  ±  .0542. 

Combining  both  values,  we  have — 

From  gold  series In  =  1 13. 179,  d=  .05 1 7 

From  oxide  series **  =  1 1 2.787,  dr  .0542 

General  mean In  =  112.992,  ±  .0374 

IfO  =  16,  In  =  113.853. 

*  Poggend.  Annal.,  141,  28. 
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THALLIUM. 


The  atomic  weight  of  this  interesting  metal  has  been  fixed  by  the  re- 
searches of  Lamy,  Werther,  Hebberling,  Crookes,  and  Lepierre. 

Lamy  and  Hebberling  investigated  the  chloride  and  sulphate ;  Wer- 
ther studied  the  iodide;  Crookes'  experiments  involved  the  synthesis  of 
the  nitrate.  Lepierre's  work  is  still  more  recent,  and  is  based  upon 
several  compounds. 

Lamy  *  gives  the  results  of  one  analysis  of  thallium  sulphate  and  three 
of  thallium  chloride.  3.423  grammes  Tl^SO^  gave  1.578  grm.  BaSO^; 
whence  100  parts  of  the  latter  are  equivalent  to  216.920  of  the  former. 
In  the  thallium  chloride  the  chlorine  was  estimated  as  silver  chloride. 
The  following  results  were  obtained.  In  the  third  column  I  give  the 
amount  of  TlCl  proportional  to  100  parts  of  AgCl : 

3.912  grm.  TlCl  gave  2.346  grm.  AgCl.  166.752 

3.000  "  I.8015        *'  166.528 

3.912  "  2.336  **  167.466 


Mean,  166.915,  dr  .1905 

Hebberling's f  work  resembles  that  of  Lamy.  Reducing  his  weighings 
to  the  standards  adopted  above,  we  have  from  his  sulphate  series,  as 
equivalent  to  100  parts  of  BaSO^,  the  amounts  of  TI^SO^  given  in  the 
third  column  : 

1. 4195  grm.  TljSO^  gave  .6534  grm.  BaSO^.       217.248 

1. 1924      **       .5507    *'  216.524 

.8560      "       .3957    '*  216.325 

Mean,  216.699 

Including  Lamy's  single  result  as  of  equal  weight,  we  get  a  mean  of 
216.754,  ±  .1387. 
From  the  chloride  series  we  have  these  results,  with  the  ratio  stated 

as  usual : 

.2984  grm.  TlCl  gave  .1791  grm.  AgCl.  166.61 1 

.5452  "  .3278  "  166.321 

Mean,  166,465,  i  .097 

Ijamy's  mean  was  166.915,  ±  .1905.  Both  means  combined  give  a 
general  mean  of  166.555,  zt  .0865. 

Werther'sJ  determinations  of  iodine  in  thallium  iodide  were  made  by 
two  methods.  In  the  first  series  Til  was  decomposed  by  zinc  and  potas- 
sium hydroxide,  and  in  the  filtrate  the  iodine  was  estimated  as  Agl. 

•  Zeit.  Anal.  Chem.,  a,  an.     1863. 
t  Ann.  Chem.  Phartn.,  134.  11.     1865. 
J  Journ.  far  Frakt.  Chem.,  92,  128.     1864. 
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One  hundred  parts  of  Agl  correspond  to  the  amounts  of  Til  given  in 
the  last  column : 


the  last  column : 

.720  grm. 

Til 

gave 

.51  1 

jrm.  Agl. 

141.176 

2.072 

« 

1.472 

i( 

140.761 

.960 

<( 

.679 

«< 

141.384 

.385 

it 

.273 

(( 

141.026 

1.068 

(< 

.759 

<  < 

140.711 

Mean,  141. 012,  rfc  .085 

In  the  second  series  the  thallium  iodide  was  decomposed  by  ammonia 
in  presence  of  silver  nitrate,  and  the  resulting  Agl  was  weighed.  Ex- 
pressed according  to  the  foregoing  standard,  the  results  are  as  follows : 

1-375  g™-  Til  gave    .978  grm.  AgL  Ratio,  140.593 

1.540  "  1.095         "  "      140.639 

1.380  •'  .981         **  *•      140.673 

Mean,  140.635,  zt  .016 

General  mean  of  both  series,  140.648,  ±  .016. 

In  1873  Crookes,*  the  discoverer  of  thallium,  published  his  final  deter- 
mination of  its  atomic  weight.  His  method  was  to  effect  the  synthesis  of 
thallium  nitrate  from  weighed  quantities  of  absolutely  pure  thallium. 
No  precaution  necessary  to  ensure  purity  of  materials  was  neglected  ;  the 
balances  were  constructed  especially  for  the  research  ;  the  weights  were 
accurately  tested  and  all  their  errors  ascertained ;  weighings  were  made 
partly  in  air  and  partly  in  vacuo,  but  all  were  reduced  to  absolute  stand- 
ards ;  and  unusually  large  quantities  of  thallium  were  employed  in  each 
experiment.  In  short,  no  effort  was  spared  to  attain  as  nearly  as  possi- 
ble absolute  precision  of  results.  The  details  of  the  investigation  are  too 
voluminous,  however,  to  be  cited  here ;  the  reader  who  wishes  to  become 
familiar  with  them  must  consult  the  original  memoir.  Suffice  it  to  say 
that  the  research  is  a  model  which  other  chemists  will  do  well  to  copy. 

The  results  of  ten  experiments  by  Professor  Crookes  may  be  stated  as 
follows.  In  a  final  column  I  give  the  quantity  of  nitrate  producible 
from  100  parts  of  thallium.    The  weights  given  are  in  grains  : 


Thallium, 

TINO^  +  Glass,         Glass  Vessel. 

Ratio, 

497.972995 

1121.851852      472.5573>9 

130.3875 

293.193507 

III  1. 387014      729.082713 

130.3930 

288  562777 

971.214142      594949719 

130.3926 

324.963740 

1 142.569408      718.849078 

130.3900 

183.790232 

1005.779897      766.133831 

130.3912 

190.842532 

997.334615      748.491271 

130.3920 

195.544324 

1022. 1 76679      767.203451 

130.3915 

201.816345 

1013.480135      750.332401 

130.3897 

295.683523 

1 153.947672      768.403621 

130.3908 

299.203036 

1159.870052      769.734201 

130.3917 

Mean 

,  130.3910,  ±  .00034 

♦  Phil.  Trans.,  1873,  p.  277. 
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Lepierre's  *  determinations  were  published  in  1893,  and  represented 
several  distinct  methods.  First,  thallous  sulphate  was  subjected  to  elec- 
trolysis in  presence  of  an  excess  of  ammonium  oxalate,  the  reduced 
metal  being  dried  and  weighed  in  an  atmosphere  of  hydrogen.  The  cor- 
rected weights,  etc.,  are  as  follows : 

1.8935  gnn-  T1,S04  gave  1.5327  Tl.  80.945  per  cent. 

2.7243  *'  2.2055    **  80.957       " 

2.8112  "  2.2759    **  80.958       *' 

Mean,  80.953,  ±  .0030 

Secondly,  weighed  quantities  of  crystallized  thallic  oxide  were  con- 
verted into  thallous  sulphate  by  means  of  sulphurous  acid,  and  the  solu- 
tion was  then  subjected  to  electrolysis,  as  in  the  preceding  series. 

3.2216  grm.  T1,0,  gave  2.8829  Tl.  89.487  per  cent. 

2.5417  "  2.2742    **  89.475       " 


Mean,  89.481,  d=  .0040 

In  the  third  set  of  experiments  a  definite  amount  of  thallous  sulphate 
or  nitrate  was  fused  in  a  polished  silver  crucible  with  ten  times  its  weight 
of  absolutely  pure  caustic  potash.  Thallic  oxide  was  thus  formed,  which, 
with  various  precautions,  was  washed  with  water  and  alcohol,  and  finally 
weighed  in  the  original  crucible.  One  experiment  with  the  nitrate  gave — 
2.7591  grm.  TINO,  yields  2.3649  TljO,.  85.713  per  cent. 

Two  experiments  were  made  with  the  sulphate,  as  follows : 

•  3.1012  grm.  T1,S04  gave  2.8056  TI,Oj.  90.468  per  cent. 

2.3478  **  2.1239      **  90.463       " 

Mean,  90.465,  ih  .0020 

Finally,  crystallized  thallic  oxide  was  reduced  by  heat  in  a  stream  of 
hydrogen,  and  the  water  so  formed  was  collected  and  weighed. 

2.7873  grm.  T1,0,  gave  .3301  H,0.  1 1.843  per  cent. 

3.9871  "  .4716     *•  11.828       '* 

4.0213  **  .4761     "  11.839       *' 

Mean,  11.837,  =h  .0029 

In  a  supplementary  notef  Lepierre  states  that  his  weights  were  all 
reduced  to  vacuum  standards. 

Some  work  by  Wells  and  Penfield,  X  incidentally  involving  a  deter- 
mination of  atomic  weight,  but  primarily  intended  for  another  purpose, 
may  also  be  taken  into  account.  Their  question  was  as  to  the  constancy 
of  thallium  itself.  The  nitrate  was  repeatedly  crystallized,  and  the  last 
crystallization,  with  the  mother  liquor  representing  the  opposite  end  of 

•  Bull.  Soc.  Chim.  {3).  9.  166. 

t  Bull.  Soc.  Chim.  (3),  11,  423.    1894. 

X  Amer.  Journ,  Scl.  (3).  47,  466.    1894. 
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the  series,  were  both  converted  into  chloride.  In  the  latter  the  chlorine 
was  estimated  as  silver  chloride,  which  was  weighed  on  a  Gooch  filter, 
with  the  results  given  below,  which  are  sensibly  identical.  The  TlCl 
equivalent  to  100  parts  of  AgCl  is  stated  in  the  last  column. 

TlCl.  AgCL  Ratio. 

Crystals 3-9H6  2.3393  167.341 

Mother  liquor 3.34<5  1.9968  167-343 

Mean,  167.342 

The  general  mean  of  Lamy's  and  Hebberling's  determinations  of  this 
ratio  gave  166.555,  ±  .0865.  If  we  arbitrarily  assign  Wells  and  Pen- 
field's  mean  equal  weight  with  that,  we  get  a  new  general  mean  of 
166.948,  ±  .0610. 

The  ratios  to  be  considered  are  now  as  follows : 

(I.)  BaSO^  :  Tl^SO^  :  :  100  :  216.754,  di  .1387 
(2.)  AgCl  :  TlCl  :  :  100  :  166.948,  ±  .0610 
(3.)  Agl  :  Til  :  :  lOO  :  140.648,  ±.  .016 
(4.)  Tl  :  TINO,  :  :  100  :  130.391,  d=  .00034 
(5.)  T1,S04  ;  Tl,  :  :  100 :  80.953,  ±  .0030 
(6.)  T1,0,  :  Tl,  :  :  100  :  89.481,  d=  .0040 
(7.)  2T1N0,:T1,0,::  100  185.713 
(8.)  T1,S04  :  T1,0,  :  :  100  :  90.465,  ±  .0020 
(9.)  Tl,Oj  :  3H,0  :  :  100  :  11.837,  ±  .0029 

And  the  antecedent  data  are  these : 

0  =  15.879,  ±  -0003  N  =  13.93s,  ±  0021 
Ag=  107.108,  db. 003 1  s  =  31.828,^.0015 
Cl  =   35.179,  ±  .0048  AgCl  =  142.287,  d=  .0037 

1  ==  125.888,  dr  .0069  Agl    =  232.996,  d=  .0062 

Ratio  number  seven  rests  upon  a  single  experiment,  and  the  atomic 
weight  of  thallium  derived  from  it  must  therefore  be  arbitrarily  weighted. 
It  has  been  assumed,  therefore,  that  its  probable  error  is  the  same  as  that 
from  number  eight.  Taking  this  much  for  granted,  we  have  nine  values 
for  thallium,  as  given  below  : 

From  (i) Tl  =  203.478,  ±  .1610 

From  (2) '*  =  202.366,  rfc:  .0872 

From  (3) "  =  201.816,  ±i  .0389 

From  (4) **  =  202.595,  ±  .01 17 

From  (5) "  =  202.614,  i  .0330 

From  (6) *'  =202  620,  ±  .0775 

From  (7) **  =  202.679,  ±:  .0483 

From  (8) **  ==  202.496,  ±.  .0483 

From  (9) **  =  202.746,  db  .0576 

General  mean Tl  =  202.555,  ±  .0098 

IfO  =  16,  Tl  =204.098. 
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If  we  reject  the  first  three  values,  retaining  only  those  due  to  the  ex- 
periments of  Crookes  and  Lepierre,  we  have — 

Tl  =  202.605,  =i=  .0103 

If  0  =  16,  this  becomes  204.149.  This  mean  exceeds  Crookes'  deter- 
mination only  by  0.01,  and  may  be  regarded  as  fairly  satisfectory. 
Crookes'  ratio  evidently  outweighs  all  the  others. 


SILICON. 


Although  Berzelius*  attempted  to  ascertain  the  atomic  weight  of 
silicon,  first  by  converting  pure  Si  into  SiO„  and  later  from  the  analysis 
of  BaSiF,,  his  results  were  not  satisfactory.  We  need  consider  only  the 
work  of  Pelouze,  Schiel,  Dumas,  and  Thorpe  and  Young. 

Pelouze.t  experimenting  upon  silicon  tetrachloride,  employed  his 
usual  method  of  titration  with  a  solution  containing  a  known  weight  of 
silver.  One  hundred  parts  of  Ag  gave  the  following  equivalencies  of 
SiCl,: 

39-4325 
39.4570 

Mean,  39-4447,  ±  .0083 

Essentially  the  same  method  was  adopted  by  Dumas.  X  Pure  SiCl4 
was  weighed  in  a  sealed  glass  bulb,  then  decomposed  by  water,  and 
titrated.    The  results  for  100  Ag  are  given  in  the  third  column  : 

2.899  grm.  SiCl^  =  73558  gnn.  Ag.  39.41 1 

1.242  **  3154         "  39-379 

3-221  "  8.1875        "  39-340 

Mean,  39-377,  ±  014 
Dumas'  and  Pelouze's  series  combine  as  follows  : 

Pelouze 39.4447,  ±  .0083 

Dumas 39377,    ±.014 

General  mean 39.4265,  ±  .0071 

Schiel,  §  also  studying  the  chloride  of  silicon,  decomposed  it  by  am- 
monia.    After  warming  and  long  standing  it  was  filtered,  and  in  the 

•  Lchrbuch,  5  Aufl.,  3,  1200. 
t  Corapt.  Rend.,  20,  1047.    1845. 
J  Ann.  Chem.  Pharm.,  113,  31.    i860, 
g  Ann.  Chem.  Pharm.,  120,94. 
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filtrate  the  chlorine  was  estimated  as  AgCl.    One  hundred  parts  of  AgCl 
correspond  to  the  quantities  of  SiCl^  given  in  the  last  column : 

.6738  grm.  SiCI^  gave  2.277  g""*  AgCl.  29.592 

1.3092  "  4.418         "  29.633 

Mean,  29.6125,  ±  .0138 

Thorpe  and  Young  *  working  with  silicon  bromide,  seem  to  have  ob- 
tained fairly  good  results.  The  bromide  was  perfectly  clear  and  color- 
less, and  boiled  constantly  at  153®.  It  was  weighed,  decomposed  with 
water,  and  evaporated  to  dryness,  the  crucible  containing  it  being  finally 
ignited.  The  crucible  was  tared  by  one  precisely  similar,  in  which  an 
equal  volume  of  water  was  also  evaporated.  Results  as  follows,  with 
weights  at  vacuum  standards : 

9.63007  gnn.  SiBr^  gave  1.67070  SiO,.  17.349  per  cent. 

12.36099  "  2.14318  "  17.338  •* 

12.98336  "  2.25244  "  17-349  " 

9.02269  "  1.56542  **  J7'35o  '* 

15.38426  "  2.66518  **  17.324  " 

9.74550  *'  1.69020  "  17.343  " 

6.19159  *•  1.07536  •*  17.368  *• 

9.5"204  "  1.65065  "  17.353  ** 

10.69317  "  1.85555  **  "7.353  " 

Mean,  17.347,  =fc  .0027 
The  ratios  now  available  are — 

(I.)  4Ag  :  SiCl^  :  :  100  :  394265,  =b  .0071 
(2.)  4AgCI  :  SiCl4  :  :  loo  :  29.6125,  ±  .0138 
(3.)  SiBr^  :  SiO,  :  :  100  :  17.347,  ±  0027 

Reducing  these  ratios  with — 

O   =    15.879,^.0003  Br      =    79.344,  ±  .0062 

Ag  =  107.108,  ±  .0031  AgCl  =  142.287,  rfc:  .OO37, 

CI  =  35-179,^.0048 
we  have  the  following  values  for  the  atomic  weight  of  silicon : 

From  (i) Si  =  28.200,  ±  .0363 

From  (2) •'  =  27.823,  it  .0810 

From  (3) **  =  28.187,  ±.0122 

General  mean Si  =  28.181,  ±  .0114 

If  0  =  16,  Si  =  28.395. 

•  Journ.  Chem.  Soc.,  51, 576.    1887. 
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TITANIUM. 

The  earliest  determinations  of  the  atomic  weight  of  titanium  are  due 
to  Heinrith  Rose.*  In  his  first  investigation  he  studied  the  conversion 
of  titanium  sulphide  into  titanic  acid,  and  obtained  erroneous  results ; 
later,  in  1829,  he  published  his  analyses  of  the  chloride,  f  This  compound 
was  purified  by  repeated  rectifications  over  mercury  and  over  potassium, 
and  was  weighed  in  bulbs  of  thin  glass.  These  were  broken  under  water 
in  tightly  stoppered  flasks ;  the  titanic  acid  was  precipitated  by  ammo- 
nia, and  the  chlorine  was  estimated  as  silver  chloride.  The  following 
results  were  obtained.  In  a  fourth  column  I  give  the  TiO,  in  percentages 
referred  to  TiCl^  as  100,  and  in  a  fifth  column  the  quantity  of  TiCl4  pro- 
portional to  100  parts  of  AgCl : 

TVr/*.  TiO^.  AgCl.        Percent.  TiO^.       A g  CI  Ratio, 

.885    grm.         .379  grm.         2.661  grm.  42.825  33.258 

7-954  **  42.481  33.147 

5.172  "  42.665  33.173 

9.198  "  43.423  33.100 

7.372  "  43.273  33.102 

Mean,  42.933i  ±  .'21        33. 156,  ±  .019 

If  we  directly  compare  the  AgCl  with  the  TiO,  we  shall  find  100  parts 
of  the  former  proportional  to  the  following  quantities  of  the  latter: 

14.243 
14.081 

14.153 
14.373 
14.324 


2.6365 

»c 

1. 120 

1.7157 

(( 

.732 

3.0455 

(< 

1.322 

2.4403 

«( 

1.056 

Mean,  14.235,  ih  .036 

Shortly  after  the  appearance  of  Rose's  paper,  Mosander  J  published 
some  figures  giving  the  percentage  of  oxygen  in  titanium  dioxide,  from 
which  a  value  for  the  atomic  weight  of  titanium  was  deduced.  Although 
no  details  are  furnished  as  to  experimental  methods,  and  no  actual  weigh- 
ings are  given,  I  cite  his  percentages  for  whatever  they  may  be  worth : 

40.814 

40.825 

40.610 

40.180 

40.107 

40.050 

40.780 

40.660 

39.830 

Mean,  40.428 

•  Gilbert's  Annalen,  1823,  67  and  129. 

t  Poggend.  Annalen,  15,  145.    Ber«.  I«ehrbuch,  3,  1210. 

\  Bcrz.  Jahresbericht,  10,  108.    iS.xi. 
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These  figures,  with  0  =  15.879,  give  values  for  Ti  ranging  from  46.03 
to  47.98 ;  or,  in  mean,  Ti  =  46.80.  They  are  not,  however,  suflSciently 
explicit  to  deserve  any  farther  consideration. 

In  1847  Isidor  Pierre  made  public  a  series  of  important  determina- 
tions.* Titanium  chloride,  free  from  silicon  and  from  iron,  was  pre- 
pared by  the  action  of  chlorine  upon  a  mixture  of  carbon  with  pure, 
artificial  titanic  acid.  This  chloride  was  weighed  in  sealed  tubes,  these 
were  broken  under  water,  and  the  resulting  hydrochloric  acid  was  titrated 
with  a  standard  solution  of  silver  after  the  method  of  Pelouze.  I  subjoin 
Pierre's  weighings,  and  add,  in  a  third  column,  the  ratio  of  TiCl4  to  100 
parts  of  silver : 


TiCl^. 

Afr, 

Ratio, 

8215  grin. 

1.84523  grm. 

44.520 

7740  *• 

1.73909  ** 

44.506 

7775  " 

1.74613  " 

44.527 

7160  " 

1.61219  " 

44412 

8085  " 

1.82344  " 

44.339 

.6325  " 

1.42230  " 

44.470 

.8155  " 

1.83705  " 

44.392 

.8165  " 

1.83899  " 

44.399 

.8065  •* 

1.81965  ** 

44.322 

Mean,  44.432,  ±.0173 

It  will  be  seen  that  the  first  three  of  these  results  agree  well  with  each 
other  and  are  much  higher  than  the  remaining  six.  The  last  four  ex- 
periments were  made  purposely  with  tubes  which  had  been  previously 
opened,  in  order  to  determine  the  cause  of  the  discrepancy.  According 
to  Pierre,  the  opening  of  a  tube  of  titanium  chloride  admits  a  trace  of 
atmospheric  moisture.  This  causes  a  deposit  of  titanic  acid  near  the 
mouth  of  the  tube,  and  liberates  hydrochloric  acid.  The  latter  gas  being 
heavy,  a  part  of  it  falls  back  into  the  tube,  so  that  the  remaining  chloride 
is  richer  in  chlorine  and  poorer  in  titanium  than  it  should  be.  Hence, 
upon  titration,  too  low  figures  for  the  atomic  weight  of  titanium  are 
obtained.  Pierre  accordingly  rejects  all  but  the  first  three  of  the  above 
estimations. 

The  memoir  of  Pierre  upon  the  atomic  weight  of  titanium  was  soon 
followed  by  a  paper  from  Demoly,  t  who  obtained  much  higher  results. 
He  also  started  out  from  titanic  chloride,  which  was  prepared'from  rutile. 
The  latter  substance  was  found  to  contain  1.8  per  cent,  of  silica ;  whence 
Demoly  inferred  that  the  TiCl^  investigated  by  Rose  and  by  Pierre  might 
have  been  contaminated  with  SiCl^,  an  impurity  which  would  lower  the 
value  deduced  for  the  atomic  weight  under  consideration.  Accordingly, 
in  order  to  eliminate  all  such  possible  impurities,  this  process  was  resorted 

•  Ann.  Chim.  Phys.  (3),  ao,  257. 

-f  Ann.  Chem.  Pharm.,  73,  314.    1849. 
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to :  the  chloride,  after  rectification  over  mercury  and  potassium,  was 
acted  upon  by  dry  ammonia,  whereupon  the  compound  TiCl4.4NH,  was 
deposited  as  a  white  powder.  This  was  ignited  in  dry  ammonia  gas,  and 
the  residue,  by  means  of  chlorine,  was  reconverted  into  titanic  chloride, 
which  was  again  repeatedly  rectified  over  mercury,  potassium,  and  po- 
tassium amalgam.  The  product  boiled  steadily  at  135°.  This  chloride, 
after  weighing  in  a  glass  bulb,  was  decomposed  by  water,  the  titanic  acid 
was  precipitated  by  ammonia,  and  the  chlorine  was  estimated  in  the 
filtrate  as  silver  chloride.  Three  analyses  were  performed,  yielding  the 
following  results.    I  give  the  actual  weighings : 

1.470  grm.  TiCl4  gave  4.241  grm.  AgCl  and  .565  grm.  TiO, 
2.330  **  6.752  "  .801         •* 

2.880  "  8.330  **  1.088         " 

The  ".801 "  in  the  last  column  is  certainly  a  misprint  for  .901.    Assum- 
ing this  correction,  the  results  may  be  given  in  three  ratios,  thus : 

Percent.  TiO^from  TiCl^,        TiCl^ :  looA^CL  TiO^ :  looAgCL 

38.435  34.662  13.322 

38669  34.508  13.344 

37.778  34.574  13.061 


Mean,  38.294,  it  .180  34.581,  ±  .030  13.242,  ±:  .061 

These  three  ratios  give  three  widely  divergent  values  for  the  atomic 
weight  of  titanium,  ranging  from  about  36  to  more  than  56,  the  latter 
figure  being  derived  from  the  ratio  between  AgCl  and  TiCl^.  This  value, 
56,  is  assumed  by  Demoly  to  be  the  best,  the  others  being  practically 
ignored. 

Upon  comparing  Demoly's  figures  with  those  obtained  by  Rose,  certain 
points  of  similarity  are  plainly  to  be  noted.  Both  sets  of  results  were 
reached  by  essentially  the  same  method,  and  in  both  the  discordance 
between  the  percentages  of  titanic  acid  and  of  silver  chloride  is  glaring. 
This  discordance  can  rationally  be  accounted  for  by  assuming  that  the 
titanic  chloride  was  in  neither  case  absolutely  what  it  purported  to  be ; 
that,  in  brief,  it  must  have  contained  impurities,  such  for  example  as 
hydrochloric  acid,  as  shown  in  the  experiments  of  Pierre,  or  possibly 
traces  of  oxy chlorides.  Considerations  of  this  kind  also  throw  doubt 
upon  the  results  attained  by  Pierre,  for  he  neglected  the  direct  estimation 
of  the  titanic  acid  altogether,  thus  leaving  us  without  means  for  correctly 
judging  as  to  the  character  of  his  material. 

In  1883*  Thorpe  published  a  series  of  experiments  upon  titanium 
tetrachloride,  determining  three  distinct  ratios  and  getting  sharply  con- 
cordant results.    The  first  ratio,  which  was  essentially  like  Pierre's,  by 

*  Berichte  Deutsch.  Chem.  GeselL,  i6,  3014.    1883. 
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sition  with  water  and  titration  with  silver,  was  in  detai 
follows : 


TITANIUM. 

)n  with  water  and  titration  with 

silver,  was  in  deta 

TiCl,, 

Ag. 

TiCl^ :  looAg, 

243275 

5.52797 

44.008 

5.42332 

12.32260 

44.015 

3.59601 

8. 1 746 1 

44.000 

3.31222 

7.52721 

44.003 

4.20093 

9.54679 

44.004 

5.68888 

12.92686 

44.008 

5.65346 

12.85490 

43.979 

4.08247 

9.28305 

Mean 

43.978 
43.999,  ±  .0032 

Pierre  found, 

44.432,  =fc  .0073 

General  mean,  44.017,  :t.  .0031 

The  second  ratio,  which  involved  the  weights  of  TiCl^  taken  in  the  last 
five  determinations  of  the  preceding  series,  included  the  weighing  of  the 
silver  chloride  formed.  The  TiCl^  proportional  to  100  parts  of  AgCl  is 
given  in  a  third  column : 

TiCl^.  AgCL  Ratio. 

3.31222  10.00235  33.  "4 

4.20093  12.68762  33.111 

5.68888  17.17842  33.117 

5.65346  17.06703  33.125 

4.08247  12.32442  33.125 


Mean,  33.118,  dt  .0019 
Rose  found,  33.156,  dr  .019 
Demoly  found,  34.581,  ±  .030 


General  mean,  33.123,  d=  .0019. 

In  the  third  series  the  chloride  was  decomposed  by  water,  and  after 
evaporation  to  dryness  the  resulting  TiO,  was  strongly  ignited. 


TiCl,, 

TiO^. 

Percent,  TiO^, 

6.23398 

2.62825 

42.160 

8.96938 

3.78335 

42.181 

10.119853 

4.30128 

42.176 

6.56894 

2.77011 

42.170 

8.99981 

3.79575 

42.176 

8.32885 

3-5«i58 

42.162 

Mean,  42.171,  ±:  .0022 
Rose  found,  42.933,  d=  .121 
Demoly  found,  38.294,  d=  .180 

General  mean,  42.171,  ±,  .0022 

In  short,  the  work  of  Rose,  Pierre,  and  Demoly  practically  vanishes. 
Furthermore,  as  will  be  seen  later,  the  three  ratios  now  give  closely 
13 
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agreeing  values  for  the  atomic  weight  of  titanium.  The  cross  ratio, 
4AgCl :  TiO,  is  not  directly  given  by  either  of  Thorpe's  series  ;  but  the 
data  furnished  by  Rose  and  Demoly  combine  into  a  general  mean  of 
4Aga :  TiO, : :  100 :  13.980,  ±  .0303. 

Some  two  years  later  Thorpe  published  his  work  more  in  detail  *  and 
added  a  set  of  determinations,  like  those  made  upon  the  chloride,  in 
which  titanium  tetrabromide  was  studied.  Three  ratios  were  measured, 
as  was  the  case  with  the  chloride.  In  the  first,  the  bromide  was  decom- 
posed by  water  and  titrated  with  a  silver  solution. 


TiBr^, 

Ag. 

TiBr^^ :  100  Ag, 

2.854735 

3.34927 

85.235 

3.120848 

3.66122 

85.241 

4.73"  18     . 

5.55097 

85.230 

6.969075 

8.17645 

85.234 

6.678099 

7.83493 

85.234 

Mean,  85.235,  rfc  .0027 

In  the  four  last  experiments  of  the  preceding  series,  the  silver  bromide 
formed  was  weighed.    The  third  column  gives  the  TiBr^  proportional  to 


100  parts  of  AgBr. 

TiBr^, 

AgBr, 

Ratio, 

3.120848 
4.73H18 

6.969075 
6.678099 

6.375391 

9.663901 

14.227716 

13.639956 

48.951 
48.957 
48.982 

48.959 

Mean,  48.962,  db  .0049 

For  the  third  ratio  the  bromide  was  decomposed  by  water;  and  after 

evaporation  with  ammonia  the  residual  titanic  oxide  was  ignited  and 

weighed : 

TiBr^,  TiO^,  Percent,  TiO^, 

6.969730  1.518722  21.790 

8.836783  1.923609  21.768 

9.096309  '•9795>3  21.762 

Mean,  21.773,  :t  .0062 

Ignoring  Mosander's  work  as  unavailable,  we  have  the  following  ratios 
to  consider : 

(1.)  4Ag  :  TiCl^  :  :  100  :  44.017,  ±:  .0031 
(2.)  4AgCl  :  Tia^  :  :  lOO  :  33.123,  db  .0019 
(3.)  4AgCl  :  TiO,  :  :  lOO  :  13980,  d:  .0303 
(4.)  TiCl^  :  TiO,  :  :  100  :  42.171,  ±  .0022 
(5.)  4Ag  :  TiBr^  :  :  loo  :  85.235,  zb  .0027 
(6.)  4 AgBr  :  TiBr^  :  :  100  :  48.962,  dt  .0049 
(7.)  TiBr^  :  TiO,  :  :  100  :  21.773,  ±  .0062 


*  Journ.  Chetn.  Soc.,  Feb.,  18S5,  p.  108,  and  March,  p.  129. 
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These  are  to  be  computed  with — 

O    =    15.879,^.0003  Br      =    79-344,  ±  .0062 

Ag  =  107. 108,  zfc  .0031  AgCl  =  142.287,  ±  .0037 

CI  =   35.179.  ±  .0048  AgBr=  186.454,  d=  .0054 

For  the  molecular  weight  of  titanium  chloride  they  give  two  values : 

From  (1) TiCl^  =  188.583,  dt  .0144 

From  (2) "  =  188.519,  ±  .0119 

General  mean TiCl^  =  188.545,  d:  .0092 

For  TiBr^  we  have — 

From  (5) TiBr^  =  365.174,  ::*=  .oi57 

From  (6) "  =  365. 163.,  ±  .0380 

General  mean TiBr^  =  365. 172,  ±:  .0145 

And  for  the  atomic  weight  of  titanium  five  values  are  calculable,  as 
follows : 

From  molecular  weight  of  TiCl4 Ti  =  47.829,  d=  .0213 

From  molecular  weight  of  TiBr^ **  =  47.796,  di .  0260 

From  (3) "  =47.809,^.1725 

From  (4) **  =  47.698,  zfc  .0268 

From  (7) "=47.738,^.0787 

General  mean Ti  =  47.786,  it  .0138 

If  0  =  16,  this  becomes  Ti  =  48.150. 


GERMANIUM. 


The  data  relative  to  the  atomic  weight  of  germanium  are  rather  scanty, 
and  are  due  entirely  to  the  discoverer  of  the  element,  Winkler.*  The 
pure  tetrachloride  was  decomposed  by  sodium  carbonate,  mixed  with  a 
known  excess  of  standard  silver  solution,  and  then  titrated  back  with 
ammonium  sulphocyanate.    The  data  given  are  as  follows : 

GeO^.  CI  Found,  Per  cent  CL 

.1067  .076112                             66.177 

.1258  .083212                             66.146 

.2223  .147136                             66.188 

.2904  .192190                             66.182 


Mean,  66.173 

Hence,  with  CI  ==  35.179,  Ge  =  71.933.    If  O  =  16,  Ge  =  72,481. 

♦  Journ.  fftr  Prakt.  Chem.  (2),  34,  177.    x886. 
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ZIRCONIUM. 

The  atomic  weight  of  zirconium  has  been  determined  by  Berzelius, 
Hermann,  Marignac,  WeibuU,  and  Bailey.  Berzelius*  ignited  the 
neutral  sulphate,  and  thus  ascertained  the  ratio  in  it  between  the  ZrO, 
and  the  SO,.  Putting  SO,  at  100,  he  gives  the  following  proportional 
quantities  of  ZrO, : 

75.84 

75.92 

75.80 

75.74 
75.97 
75.85 

Mean,  75.853,  =b  .023 

This  gives  43.134,  ±  .0142  as  the  percentage  of  zirconia  in  the  sulphate. 

Hermann's  t  estimate  of  the  atomic  weight  of  zirconium  was  based 
upon  analyses  of  the  chloride,  concerning  which  he  gives  no  details  nor 
weighings.  Prom  sublimed  zirconium  chloride  he  finds  Zr  =  831.8, 
when  0  =  100;  and  from  two  lots  of  the  basic  chloride  2ZrOCl,.9H,0, 
Zr  =  835.65  and  851.40  respectively.  The  mean  of  all  three  is  839.62  ; 
whence,  with  modern  formulae  and  0  =  15.879,  Zr  becomes  =  88.882. 

Marignac's  results  J  were  obtained  by  analyzing  the  double  fluoride  of 
zirconium  and  potassium.    His  weights  are  as  follows : 

i.ocx)  grm.  gave  .431  gnn.  ZrO,  and  .613  grm.  K^SO^. 
2.0CX)    *•    .864     *'     1.232     '* 
.654    •'    .282     "      .399     •* 
5.000    "   2.169     '*     3.078    ** 

These  figures  give  us  three  ratios.  A,  the  ZrO,  from  100  parts  of  salt ; 
B,  the  KjSO^  from  100  parts  of  salt ;  and  C,  the  ZrO,  proportional  to  100 
parts  of  KjSO^ : 

A.  B.  C. 

.  43.100  61.300  70.310 

43.200  61.600  70.130 

43.119  61.000  70.677 

43.380  61.560  70.468 

Mean,  43.200,  ±  .043      Mean,  61.365,  d=  .094       Mean,  70.396,  d:  079. 
Weibull,§  following  Berzelius,  ignited  the  sulphate,  and  also  made  a 

**  PofiTKcnd'  Annal ,  4,  Z36.    1825. 

t  Journ.  fftr  Prakt.  Chcxn.,  31,  77.    Beras.  Jahresb.,  25,  147. 

X  Ann.  Cfaira.  Phys.  (3),  60,  270.    i860. 

I  Lund.  Arsskrifl,  v.  18.    i88i-'82. 
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similar  set  of  experiments  with  the  selenate  of  zirconium,  obtaining  re- 
sults as  follows : 

SulphaU.    Zr(SO^)r 


1.5499  gnn. 

salt 

gave 

.6684  ZrO,. 

43.126  percent. 

1. 5445 

(f 

.6665  «* 

43.153   •* 

2.1683 

(( 

.9360  " 

43.168   - 

1.0840 

<( 

.4670  " 

43.081   *' 

.79'3 

f  ( 

.3422  - 

43.321   " 

.6251 

(( 

.2695  " 

43.  "3   ** 

.4704 

<( 

• 

.2027  ** 

Mean 

43.091   ** 

,43.150,^.0207 

Selenate,    Zr(SeO^\ 

1. 0212  grm. 

salt 

gave 

.3323  ZrO,. 

32.540  per  cent. 

.8418 

(( 

.2744  " 

32.597   *• 

.6035 

u 

.1964  ** 

32.544   •* 

.8793 

t* 

.2870  " 

32.640   •* 

.3089 

n 

.1003  " 

32.470   " 

Mean,  32.558,  ±  .0192 

Bailey  *  also  ignited  the  sulphate,  after  careful  investigation  of  his 
material,  and  of  the  conditions  needful  to  ensure  success.  He  found  that 
the  salt  was  perfectly  stable  at  400°,  while  every  trace  of  free  sulphuric 
acid  was  expelled  at  350**.  The  chief  difficulty  in  the  process  arises  from 
the  fact  that  the  zirconia  produced  by  the  ignition  is  very  light,  and 
easily  carried  off  mechanically,  so  that  the  percentage  found  is  likely  to 
be  too  low.  This  difficulty  was  avoided  by  the  use  of  a  double  crucible, 
the  outer  one  retaining  particles  of  zirconia  which  otherwise  might  be 
lost.    The  results,  corrected  for  buoyancy  of  the  air,  are  as  follows  : 

2.02357  sa 
2.6185 
2.27709 
2.21645 

1.75358 
1.64065 

2.33255 
I. 81 105 

Mean,  43-372,  ±  .0056 

This,  combined  with  previous  determinations,  gives — 

Berzelius 43.134,  ±  .0142 

WeibuU 43.  '50,  it  .0207 

Bailey 43372,  ±:  .0056 


.87785  ZK),. 

43.381  per  cent 

1.1354  ** 

43.360   ** 

.98713  ** 

43.350   " 

.96152  *' 

43.385   " 

.76107  •• 

43.402   " 

.7120  *' 

«  43.397   " 

I.OII43  *• 

43.361   ** 

.78485  " 

43.337   •' 

General  mean 43.3i7i  ±.  .0051 


♦  Proc.  Roy.  Soc.,  46,  74.    Chem.  News,  60,  32. 
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For  computing  the  atomic  weight  of  zirconium  we  now  have  the  sub- 
joined ratios : 

(I.)  Percentage  ZrO,  in  Zr(SO^),.  43-3 »7,  ±  ^osi 
(2.)  PerccnUgc  ZrO,  in  Zr(Sc04)„  32.558,  ±  .0192 
(3.)  Percentage  ZrO,  from  K,ZrFj,  43.200,  it  .043 
(4.)  Percentage  K,S04  from  K,ZrFj,  61.365,  ±  .094 
(5.)  K,S04  :  ZrO,  :  :  100  :  70.396,  dr  .079 

The  antecedent  atomic  weights  are — 

O  =  15.879.  db  .0003  K  =  38.817,  ±  .0051 

S   =  31.828,  dtz  .0015  F  =  18.912,  ±  .0029 

Se  =  78.419.  ±  -OMa  , 

With  these  data  we  first  get  three  values  for  the  molecular  weight  of 
zirconia : 

From  (i) ZrO,  =  121.454,  ±  .0182 

From  (2) **     =  12 1.708,  db  .0798 

From  (5) **    =  121.770,  dz  .1370 

General  mean ZrO,  =  121. 471,  ±  .0176 

Finally,  there  are  three  independent  estimates  for  the  atomic  weight 
of  zirconium : 

From  molecular  weight  ZrO, Zr  =  89.713,  ±  .0177 

From  ratio  (3) "  =  89.437,  ±:  .2390 

From  ratio  (4) "  =  90.778,  =fc  .4326 

General  mean Zr  =  89.716,  ±  .0175 

If  0  =  16,  Zr  =  90.400. 

Here  the  first  value  alone  carries  appreciable  weight. 
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TIN. 


The  atomic  weight  of  tin  has  been  determined  by  means  of  the  oxide, 
the  chloride,  the  bromide,  the  sulphide,  and  the  stannichlorides  of  potas- 
sium and  ammonium. 

The  composition  of  stannic  oxide  has  been  fixed  in  two  ways :  by 
synthesis  from  the  metal  and  by  reduction  in  hydrogen.  For  the  first 
method  we  may  consider  the  work  of  Berzelius,  Mulder  and  Vlaanderen, 
Dumas,  Van  der  Plaate,  and  Bongartz  and  Classen. 

Berjelius  *  oxidized  100  parts  of  tin  by  nitric  acid,  and  found  that 
127.2  parts  of  SnO,  were  formed. 

The  work  done  by  Mulder  and  Vlaanderen  f  was  done  in  connection 
with  a  long  investigation  into  the  composition  of  Banca  tin,  which  was 
found  to  be  almost  absolutely  pure.  For  the  atomic  weight  determina- 
tions, however,  really  pure  tin  was  taken  prepared  from  pure  tin  oxide. 
This  metal  was  oxidized  by  nitric  acid,  with  the  following  results.  100 
parts  of  tin  gave  of  SnO, : 

127.56— Mulder. 
127.56 — Vlaanderen. 
127.43 — Vlaanderen. 

Mean,  127.517,  ±  .029 

Dumas  X  oxidized  pure  tin  by  nitric  acid  in  a  flask  of  glass.  The  re- 
sulting SnO,  was  strongly  ignited,  first  in  the  flask  and  afterwards  in 
platinum.  His  weighings,  reduced  to  the  foregoing  standard,  give  for 
dioxide  from  100  parts  of  tin  the  amounts  stated  in  the  third  column : 

12.443  grm.  Sn  gave  15.820  grm.  SnO,.  127.14 

15.976  *•  20.301  *•  127.07 


Mean,  127.105,  d=  .024 

In  an  investigation  later  than  that  previously  cited,  Vlaanderen  § 
found  that  when  tin  was  oxidized  in  glass  or  porcelain  vessels,  and  the 
resulting  oxide  ignited  in  them,  traces  of  nitric  acid  were  retained. 
When,  on  the  other  hand,  the  oxide  was  strongly  heated  in  platinum, 
the  latter  was  perceptibly  attacked,  so  much  so  as  to  render  the  results 
uncertain.  He  therefore,  in  order  to  fix  the  atomic  weight  of  tin,  reduced 
the  oxide  by  heating  it  in  a  porcelain  boat  in  a  stream  of  hydrogen.  Two 
experiments  gave  Sn  =  118.08,  and  Sn  =  118.24.  These,  when  0  =  16, 
become,  if  reduced  to  the  above  common  standard, 

*  Pog^geod.  Annal.,  8, 177. 

t  Journ.  fttr  Prakt.  Chem.,  49,  35.    1849. 

X  Aon.  Chem.  Pharm.,  X13,  26, 

I  Jahresbericht,  1858,  183. 
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127.100 
127.064 


Mean,  127.082,  =b  .012 

Van  der  Plaats*  prepared  pure  stannic  oxide  from  East  Indian  tin 

(Banca),  and  upon  the  material  obtained  made  two  series  of  experiments  I 

one  by  reduction  and  one  by  oxidation.    The  results,  with  vacuum 

weights,  are  as  follows,  the  ratio  between  Sn  and  SnO,  appearing  in  the 

third  column : 

Oxidation  Series. 

9.6756  grm.  tin  gave  12.2967  SnO,.  127.091 

12.7356  '*  16.1885     "  127. 114 

23.4211  *'  29.7667     •*  127.093 

Reduction  Series. 

5.5015  grm.  SnOg  gave  4.3280  tin.  127. 1 14 

4.9760  "  3.9145    "  127.117 

3.8225  '  "  3.0078    **  127.086 

2.9935  *'  2.3553   *'  127.096 

Mean  of  both  series  as  one,  127.102,  d=  .0033 

The  reductions  were  effected  in  a  porcelain  crucible. 

Bongartz  and  Classen  f  purified  tin  by  electrolysis,  and  oxidized  the 
electrolytic  metal  by  means  of  nitric  acid.  The  oxide  found  was  dried 
over  a  water-bath,  then  heated  over  a  weak  flame,  and  finally  ignited  for 
several  hours  in  a  gas-muffle.  Some  reduction  experiments  gave  values 
which  were  too  low.  The  oxidation  series  was  as  follows,  with  the  usual 
ratio  added  by  me  in  a  third  column : 


Sn. 

SnO^, 

Ratio, 

2.5673 

3.2570 

126.865 

3.8414 

4.8729 

126.852 

7.3321 

9.2994 

136.831 

5.4367 

6.8962 

126.845 

7-332« 

9.2994 

126.831 

9.8306 

12.4785 

126.935 

11.2424 

14.2665 

126.896 

5.5719 

7.0685 

126.860 

9.8252 

12.4713 

126.932 

4.3959 

5.5795 

126.925 

6.3400 

8.0440 

126.877 

Mean,  126.877,  ±-  .0080 

We  now  have  six  series  of  experiments  showing  the  amount  of  SnO, 
formed  from  100  parts  of  tin.  To  Berzelius'  single  determination  may  be 
assigned  the  weight  of  one  experiment  in  Mulder  and  Vlaanderen's 
series:* 

•  Compt.  Rend.,  100,  52.    1885. 

t  Berichte  Deutsch.  Chem.  Gesell.,  31,  2900.    1888. 
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Benelias 127.200,  ±  .041 

Mulder  and  Vlaanderen 127.517,  db  .029 

Dumas 127. 105,  i  .024 

Vlaanderen 127.082,  dcz  .012 

Van  dcr  Plaats 127. 102,  d=  .0033 

Bongartz  and  Classen 126.877,  ±  .0080 

General  mean 127.076,  ±  .0026 

Dumas,  in  the  paper  previously  quoted,  also  gives  the  results  of  some 
experiments  with  stannic  chloride,  SnCl^.  This  was  titrated  with  a  solu- 
tion containing  a  known  weight  of  silver.  Prom  the  weighings  given, 
100  parts  of  silver  correspond  to  the  quantities  of  SnCl^  named  in  the 
third  column : 

1.839  g"°»  SnCI^  =r  3.054  grm.  Ag.  60.216 

2.665  "  4.427         "  60.199 

Mean,  60.207,  ±  'OO^ 

Tin  tetrabromide  and  the  stannichlorides  of  potassium  and  ammonium 
were  all  studied  by  Bongartz  and  Classen ;  who,  in  each  compound, 
carefully  purified,  determined  the  tin  electrolytically.  The  data  given 
are  as  follows,  the  percentage  columns  being  added  by  myself: 

THn  Tetrabromide, 

SnBr^  Taken,  Sn  Found,                   Per  cent.  Sn. 

8.5781  2.3270  27.127 

9.5850  2.6000  27.126 

9-9889  2.711S  27.145 

10.4914  2.8445  27.113 

16.8620  4.5735  27.123 

16.6752  4.5236  27.119 

11.1086  3.o'25  27.116 

10.6356  2.8840  27.113 

11.0871  3.0060  27.123 

i9.5»67  5.2935  27.128 

Mean,  27.123,  i  .0020 

Potassium  Stannichloride, 

K^SnCl^,  Sn  Found,                  Percent,  Sn, 

2.5718  .7472  29.054 

2.2464  .6524  29.042 

9.3353  2.7100  29.030 

12.1525  3.5285  29.035 

12.4223  3.6070  29.036 

15.0870  4.3812  29.040 

10.4465  3.0330  29.034 

18.9377  5.5029  29.058 

18.4743  53630  29.029 

17.6432  5.1244  29.045 

Mean,  29.040,  =b  .0021 
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Ammonium  Stannichloride. 


Am^nCU. 

Sn  Found. 

Percent.  Sn 

1.6448 

•5328 

32.393 

1.8984 

.6141 

32.347 

2.0445 

.6620 

32.381 

2.0654 

.6690 

32.391 

2.0058 

.6496 

32.386 

2.4389 

.7895 

32.371 

4.0970 

1.3254 

32.351 

3.4202 

1. 1078 

32.390 

3.6588 

I. 1836 

32.349 

1.5784 

.5«o8 

32.362 

7.3248 

2.3710 

32.370 

13.1460 

4.2528 

32.351 

11.9483 

3.8650 

32.348 

18.4747 

5.9788 

32.362 

18.6635 

6.0415 

32.371 

17.8894 

5.7923 

32.378 

Mean,  32.369,  =b  .0088 

One  other  method  of  determination  for  the  atomic  weight  of  tin  was 
employed  by  Bongartz  and  Classen.  Electrolytic  tin  was  converted  into 
sulphide,  and  the  sulphur  so  taken  up  was  oxidized  by  means  of  hydrogen 
peroxide,  by  Classen's  method,  and  weighed  as  barium  sulphate.  The 
results,  as  given  by  the  authors,  are  subjoined : 

Sn  Taken.  Per  cent.  ofS  Gained. 

2.6285  53.9^ 

.7495  53.87 

".4785  53.94 

2.5690  53.94 

2.1765  53.85 

1.3245  53.88 

.9897  53.83 

2.7160  53.86 

Mean,  53.885,  =b  .0098 

This  percentage  of  sulphur,  however,  was  computed  from  weighings 
of  barium  sulphate.  What  values  were  assigned  to  the  atomic  weights 
of  barium  and  sulphur  is  not  stated,  but  as  Meyer  and  Seubert's  figures 
are  used  for  other  elements  throughout  this  paper,  we  may  assume  that 
they  apply  here  also.  Putting  O  =  15.96,  S  =  31.98,  and  Ba  =  136.86, 
the  53.885  per  cent,  of  sulphur  becomes  392.056,  zb  .0713  of  BaSO^,  the 
compound  actually  weighed.    This  gives  us  the  ratio — 

Sn  :  2BaS04  :  :  100  :  392.056,  d=  .0713 

as  the  real  result  of  the  experiments,  from  which,  with  the  later  values 
for  Ba,  S,  and  O,  the  atomic  weight  of  tin  may  be  calculated. 
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We  now  have,  for  tin,  the  following  available  ratios : 

(l.)  Sn  :  SnO,  :  :  lOO  :  1 27.076,  dz  .0026 

(2.)  4Ag  :  SnCJ^ :  :  100  :  60.207,  ±.  .0060 

(3.)  Percentage  of  tin  in  SnBr^,  27.123,  zfc  .0020 

(4.)  Percentage  of  tin  in  KjSnCI,,  29.040,  dr  .0021. 

(5.)  Percentage  of  tin  in  Am,SnClj,  32.369,  d=  .0088 

(6.)  Sn  :  2BaS04  :  :  100  :  392.056,  ±  .0713 

The  antecedent  values  are — 

O  =  15.879,  ±.0003  K  =.  38.817, db. 005 1 

Ag  =  107.108,  zfc  .0031  N  =    13.935,  d=  .0021 

CI  =    35.179,  ±-0048  S    =    31.828,  db. 0015 

Br  =    79.344,  ±  .0062  Ba  ==  136.392,  d=  .0086 

With  these,  six  independent  values  for  Sn  are  computable,  as  follows : 
From  (i) Sn=  117.292,  ±.0115 


From  (2). 
From  (3) . 
From  (4) . 
From  (5). 
From  (6) . 


=  117.230,  ±  '^33^^ 
=  1 18.120,  d=  .0131 
=  118.152,  dr. 0155 
=  1 1 8. 190,  db  .0382 
=  1 18.216,  ±  .0220 


General  mean Sn  =  1 17.805,  zfc  .0069 

If  0  =  16,  Sn  =  118.701. 

If  we  reject  the  first  two  of  these  values,  which  include  all  of  the  older 
work,  and  take  only  the  last  four,  which  represent  the  concordant  results 
of  Bongartz  and  Classen,  the  general  mean  becomes — 

Sn  =  1 18. 150,  d:  .0089 

Or,  with  O  =  16,  Sn  =  119.050.  This  mean  I  regard  as  having  higher 
probability  than  the  other. 

A  single  determination  of  the  atomic  weight  of  tin,  made  by  Schmidt,* 
ought  not  to  be  overlooked,  although  it  was  only  incidental  to  his  research 
upon  tin  sulphide.  In  one  experiment,  0.5243  grm.  Sn  gave  0.6659  SnO.^. 
Hence,  with  0  =  16,  Sn  =  118.49.  This  lies  about  midway  between  the 
two  sets  of  values  already  computed. 

♦  Bcrichte,  27,  2743.    1894. 
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THORIUM. 

The  atomic  weight  of  thorium  has  beendetermined  from  analyses  of 
the  sulphate,  oxalate,  formate,  and  acetate,  with  widely  varying  results. 
The  earliest  figures  are  due  to  Berzelius,*  who  worked  with  the  sulphate, 
and  with  the  double  sulphate  of  potassium  and  thorium.  The  thoria 
was  precipitated  by  ammonia,  and  the  sulphuric  acid  was  estimated  as 
BaSO^.  The  sulphate  gave  the  following  ratios  in  two  experiments.  The 
third  column  represents  the  weight  of  ThO,  proportional  to  100  parts  of 
BaSO,: 

.6754  grm.  ThO,  =  1.159  grm.  BaSO^.         Ratio,  58.274 
1.0515  "  1.832  "  "       57.396 

The  double  potassium  sulphate  gave  .265  grm.  ThO„  .156  grm.  SO,, 
and  .3435  K,SO^.  The  SO,,  with  the  Berzelian  atomic  weights,  repre- 
sents .4537  grm.  BaSO,.  Hence  100  BaSO,  is  equivalent  to  58.408  ThO,. 
This  figure,  combined  with  the  two  previous  values  for  the  same  ratio, 
gives  a  mean  of  58.026,  ±  .214. 

From  the  ratio  between  the  KjSO^  and  the  ThO,  in  the  double  sul- 
phate, ThO,  =  266.895. 

In  1861  new  determinations  were  published  by  Chydeniu8,t  whose 
memoir  is  accessible  to  me  only  in  an  abstract!  which  gives  results  with- 
out details.  Thoria  is  regarded  as  a  monoxide,  ThO,  and  the  old  equiv- 
alents (0  =  8)  are  used.  The  following  values  are  assigned  for  the 
molecular  weight  of  ThO,  as  found  from  analyses  of  several  salts  : 

Frvm  Sulphate,      From  K.  Th.  Sulphate, 
66.33  ■     67.02 

67.13 
67.75 
68.03 


Mean,  67.252,  ifc  .201 


From  Acetate.  Frotn  Formate.  From  Oxalate. 

67.31  68.06  65.87  I  Two  results 

66.59  67.89  ^           65.95  j     by  Berlin. 

67.27  68.94  65.75 

67.06  65.13 

68.40  Mean,  68.297,  =b  .219  66  54 


Mean,  67.326,  =h  .201 


65.85 
Mean,  65.85,^.123 


*  Poggend.  Annal.,  16,  398.    1829.    Lehrbuch,  3,  1224. 

t  Kemisk  undersdkning  af  Thorjord  och  Thorsalter.    Helsingfors,  i86i.    An  academic  disser- 
tation. 
X  Poggend.  Annal.,  119,  55.    1863. 
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We  may  fairly  assume  that  these  figures  were  calculated  with  0  =  8, 
C  =  6,  and  S  =  16.  Correcting  by  the  values  for  these  elements  which 
have  been  found  in  previous  chapters,  ThO,  becomes  as  follows : 

From  sulphate ThO,  =  267.170,  zb  .7950 

From  aceute **     =  267.488,  ±  .7950 

From  formate **     =  271.239,  ±  .8698 

From  oxalate *'     =  261.478,  ±  .4884 


General  mean ThO,  =  265.103,  ±:  .3394 

The  single  result  from  the  double  potassium  sulphate  is  included  with 
the  column  from  the  ordinary  sulphate,  and  the  influence  of  the  atomic 
weight  of  potassium  is  ignored. 

Chydenius  was  soon  followed  by  Marc  Delafontaine,  whose  researches 
appeared  in  1863.*  This  chemist  especially  studied  thorium  sulphate ; 
partly  in  its  most  hydrous  form,  partly  as  thrown  down  by  boiling.  In 
ThCSOJj-OHjO,  the  following  percentages  of  ThO,  were  found : 

4508 
44.90 
45.06 

45-2» 
45.06 

Mean,  45.062,  ±  .0332 

The  lower  hydrate,  2Th(S04),.9H,0,  was  more  thoroughly  investi- 
gated. The  thoria  was  estimated  in  two  ways :  First  (A),  by  precipita- 
tion as  oxalate  and  subsequent  ignition ;  second  (B),  by  direct  calcination. 
These  percentages  of  ThO,  were  found  : 

52.83] 

52.52 

52.72 

52.13J 

52.47^ 

52.49 

52.53 

52.13 

52.13 

52.43 
52.60 
52.40 
52.96 
52.82 


Mean,  52.511,  ±.047 

In  three  experiments  with  this  lower  hydrate  the  sulphuric  acid  was 
also  estimated,  being  thrown  down  as  barium  sulphate  after  removal  of 
the  thoria : 


*  Arch.  Sci.  Phya.  et  Nat.  (2).  x8.  343. 
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1.2425  grm.  gave  .400  SOj.  (1.1656  grm.  BaSO^.) 
1. 138  **  .366  "  (1.0665  "  ) 
.734    **    .2306  "         (  .6720     **     ) 

The  figures  in  parentheses  are  reproduced  by  myself  from  Delafon- 
taine's  results,  he  having  calculated  his  analyses  with  O  =  100,  S  =  200, 
and  Ba  -=  857.  These  data  may  be  reduced  to  a  common  standard,  so 
as  to  represent  the  quantity  of  2Th(S04),.9H,0,  equivalent  to  100  parts 
of  BaSO^.     We  then  have  the  following  results  : 

106.597 
106.704 
109.226 

Mean,  107.509,  ±  .585 

Delafontaine  was  soon  followed  by  Hermann,*  who  published  a  single 
analysis  of  the  lower  hydrated  sulphate,  as  follows : 

ThOa... 52.87 

SO, 32.11 

H,0 15.02 

100.00 

Hence,  from  the  ratio  between  SO,  and  ThO„  ThO,  =  262.286.  Prob- 
ably the  SO,  percentage  was  loss  upon  calcination. 

Both  Hermann's  results  and  those  of  Delafontaine  are  affected  by  one 
serious  doubt,  namely,  as  to  the  true  composition  of  the  lower  hydrated 
sulphate.  The  latest  and  best  evidence  seems  to  establish  the  fact  that 
it  contains  four  molecules  of  water  instead  of  four  and  a  half,t  a  fact 
which  tends  to  lower  the  resulting  atomic  weight  of  thorium  consid- 
erably. In  the  final  discussion  of  these  data,  therefore,  the  formula 
Th(S0J,.4H,0  will  be  adopted.  As  for  Hermann's  single  analysis,  his 
percentage  of  ThO,,  52.87,  may  be  included  in  one  series  with  Delafon- 
taine's,  giving  a  mean  of  52.535,  ±  .0473. 

The  next  determinations  to  consider  are  those  of  Cleve,J  whose  results, 
obtained  from  both  the  sulphate  and  the  oxalate  of  thorium,  agree  ad- 
mirably. The  anhydrous  sulpltate,  calcined,  gave  the  subjoined  per- 
centages of  thoria : 

62.442 

62.477 

62.430 

62.470 

62.357 
62.366 

Mean,  62.423,  dr  .014 


•  Journ.  fQr  Prakt.  Chera.,  93,  114. 

t  Sec  Hillebrand,  Bull.  90,  U.  S.  Geol.  Survey,  p.  29. 

X  K.  Sveuska  Vet.  Akad.  Handling.,  Bd.  2,  No.  6,  1874. 
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The  oxalate  was  subjected  to  a  combustion  analysis,  whereby  both 
thoria  and  carbonic  acid  could  be  estimated.  From  the  direct  percentages 
of  these  constituents  no  accurate  value  can  be  deduced,  there  having 
undoubtedly  been  moisture  in  the  material  studied.  From  the  ratio 
between  CO,  and  ThO„  however,  good  results  are  attainable.  This  ratio 
I  put  in  a  fourth  column,  making  the  thoria  proportional  to  100  parts  of 
carbon  dioxide: 


Oxalate. 

ThO^. 

CO,, 

Ratio. 

i.7i35grm. 

1. 0189  grm. 

.6736  grm. 

151.262 

1.3800    «' 

.8210     '« 

.5433     '* 

151. 114 

1. 1850    " 

.7030     «• 

.4650     - 

151. 183 

1.0755     " 

.6398    *' 

.4240     " 

150.896 

Mean,  151. 114,  ±.053 

In  1882,  Nilson's  determinations  appeared.*  This  chemist  studied 
both  the  anhydrous  sulphate,  and  the  salt  with  nine  molecules  of  water, 
using  the  usual  calcination  method,  but  guarding  especially  against  the 
hygroscopic  character  of  the  dry  Th  (SO J,  and  the  calcined  ThO,.  The 
hydrated  sulphate  gave  results  as  follows : 


Th{S0,),.9^,0, 

ThOr 

Percent.  ThO^ 

2.0549 

.9267 

45.097 

2.1323 

.9615 

45.092 

3.0017 

1.3532 

45.081 

2.7137 

1.2235 

45.086 

2.6280 

1. 1849 

45.088 

1.9479 

.8785 

45.099 

Mean,  4509»,  ±.0019 
Delafontaine  found,  45.062,  d=  .0332 


General  mean,  45.090,  ifc  .0019 

The  anhydrous  sulphate  gave  data  as  follows : 

7%(5(74),.  ThO,.  Percent.  ThO,. 

1.4467  .9013  62.300 

1.6970  1.0572  62.298 

2.0896  1.3017  62.294 

1. 5710  -          .9787  62.298 

Mean,  62.297,  ifc  .0009 

The  last  four  determinations  appear  again  in  a  paper  published  five 
years  later  by  Kriiss  and  Nilson,t  who,  however,  give  four  more  made 

•Bcr.  Deutach.  Chem.  Gesell.,  15,  2519.    1882. 
t  Bcr.  Deutflch.  Chem.  Gesell.,  20, 16^.    1887. 
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upon  material  obtained  from  a  different  source.    The  new  data  are  sub- 
joined : 

TA(SO^)r  ThOv  Percent.  ThO^. 

1. 1630  -7245  62.296 

.8607  '5  362  62.298 

1.5417  .9605  62.301 

1. 52 1 7  '9479  62.292 

Mean,  62.297,  =b  .0013 

Nilson*s  series,  62.297,  db  .cxx)9 

Cleve  found,  62.423,  db  .0140 

General  mean,  62.298,  db  .ocx>7 

From  Chydenius'  work  we  have  four  values  for  the  molecular  weight 
of  thoria,  which,  combined  as  usual,  give  a  general  mean  of  ThO,  = 
265.103,  d:  .3394.    We  also  have  the  following  ratios : 

(I.)  2BaS04  :  ThO,  :  :  100  :  58.026,  i  .214 

(2.)  2BaS04  :  Th(S04),.4H,0  :  :  100  ;  107.509,  d=  .585 

(3.)  4CO,  :  ThO,  :  :  100  :  151.114,  rt  .053 

(4.)  Percentage  of  ThO,  in  Th(S04),.9H,0,  45.090,  zfc  .0019 

(5.)  Percentage  of  ThO,  in  Th(S04),.4H,0,  52.535,  dt  .0473 

(6.)  Percentage  of  ThO,  in  Th(S04),.62.298,  db  .0007 

Reducing  with  the  following  data,  seven  values  for  the  atomic  weight 
of  thoria  are  calculable : 

0=15.879,^.0003  C  =   11.920,  ±.0004 

S  =  31.828,  ifc  .0015  Ba  =  136.392,  ±  .0086 

The  values  for  ThO,  are — 

Chydenius'  determinations ThO,  =  265.103,  db  .3394 

From(i) «*  =268.937,  d=  .99>9 

From  (2) "  =268.021,  db  2.71 15 

From  (3) *'  =  264. 120,  ±.  .0927 

From  (4) "  =  262.641,  d=  .0149 

From  (5) "  =  255.061,  d=  .3426 

From  (6) "  =  262.613,  db  .0081 

General  mean ThO,  =  262.626,  ±    .007 1 

Hence  Th  =  230.868,  di  .0071. 
If  0  =  16,  Th  =  232.626. 
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The  material  from  which  we  are  to  calculate  the  atomic  weight  of 
phosphorus  is  by  no  means  abundant.  Berzelius,  in  his  Lehrbuch,* 
adduces  only  his  own  experiments  upon  the  precipitation  of  gold  by 
phosphorus,  and  ignores  all  the  earlier  work  relating  to  the  composition 
of  the  phosphates.  These  experiments  have  been  considered  with  refer- 
ence to  gold. 

Pelouze,t  in  a  single  titration  of  phosphorus  trichloride  with  a  stand- 
ard solution  of  silver,  obtained  a  wholly  erroneous  result ;  and  Jacque- 
lain,  J  in  his  similar  experiments,  did  even  worse.  Schrotter's  criticism 
upon  Jacquelain  sufficiently  disposes  of  the  latter.  § 

Only  the  determinations  made  by  Schrotter,  Duman,  and  Van  der 
Plaats  remain  to  be  considered. 

Schrotter  II  burned  pure  amorphous  phosphorus  in  dry  oxygen,  and 
weighed  the  pentoxide  thus  formed.     One  gramme  of  P  yielded  P^Oj  in 

the  following  proportions : 

2.28909 
2.28783 
2.29300 
2.28831 
2. 29040 
2.28788 
2.28848 
2.28856 
2.28959 
2.28872 

Mean,  2.289186,  db  .00033 

Dumas  ^  prepared  pure  phosphorus  trichloride  by  the  action  of  dry 
chlorine  upon  red  phosphorus.  The  portion  used  in  his  experiments 
boiled  between  76°  and  78°.  This  was  titrated  with  a  standard  solution 
of  silver  in  the  usual  manner.  Dumas  publishes  weights,  from  which  I 
calculate  the  figures  given  in  the  third  column,  representing  the  quantity 
of  trichloride  proportional  to  100  parts  of  silver  : 

1.787  grm.  PCI5  =  4.208  grm.  Ag.  42.4667 

1.466  "  3.454       **  42.443s 

2.056  "  4.844       **  42.4443 

2.925  **  6.890       *•  42.4528 

3.220  "  7.582       **  42.4690 


Mean,  42.45531  ±  .0036 


•5th  ed.,  1188. 

tCompt.  Rend.,  20,  1047. 

I  Compt.  Rend.,  33,  693. 

^  Journ.  fftr  Prakt.  Chem.,  57,  315. 

I  Journ.  fQr  Prakt.  Chera.,  53,  435.    1851. 

lAnn.  Chem.  Pbarm.,  1x3,  29.    i860. 
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By  Van  der  Plaats*  three  methods  of  determination  were  adopted, 
and  all  weights  were  reduced  to  vacuum  standards.  First,  silver  was 
precipitated  from  a  solution  of  the  sulphate  by  means  of  phosphorus. 
The  latter  had  been  twice  distilled  in  a  current  of  nitrogen.  The  silver, 
before  weighing,  was  heated  to  redness.  The  phosphorus  equivalent  to 
100  parts  of  silver  is  given  in  the  third  column. 

.9096  grm.  P  gave  15.8865  Ag.  5.7256 

.5832  '*  10.1622    "  5.7389 

Mean,  5.7322,  zh  .0045 

The  second  method  consisted  in  the  analysis  of  silver  phosphate  ;  but 
the  process  is  not  given.  Van  der  Plaats  states  that  it  is  difficult  to  be 
sure  of  the  purity  of  this  salt. 

6.6300  grm.  Ag,P04  gave  5.1250  Ag.  77.300  per  cent. 

12.7170  "  9.8335    **  77326       '* 

Mean,  77.3^31  ±  -OoSS 

In  the  third  set  of  determinations,  yellow  phosphorus  was  oxidized  by 
oxygen  at  reduced  pressure,  and  the  resulting  Ffi^  was  weighed. 

10.8230  grm,  P  gave  24.7925  PjO,.  Ratio,  2  29072 

7.7624  **  "7-79I5     **  *'      2.29201 

As  these  figures  fall  within  the  range  of  Schr6tter\s,  they  may  be  aver- 
aged in  with  his  series,  the  entire  set  of  twelve  determinations  giving 
A  mean  of  2.28955,  ±  .00032. 

From  the  following  ratios  an  equal  number  of  values  for  P  may  now 
be  computed : 

(I.)  2P  :  PgOj  :  :  I.O  :  2.28955i  ±  .00032 
(2.)  3Ag  :  PClj  :  :  100  :  42-4553,  ^  -^3^ 
(3.)  5Ag  :  P  :  :  100  :  5.7322,  dr  .0045 
(4.)  AggPO^  :  3Ag  :  :  100 :  77.313,  ±  -0088 

Starting  with  0  =  15.879,  ±  .0003,  Ag  =  107.108,  ±  .0031,  and  CI  = 
35.179,  ±  .0048,  we  have— 

From  (I) P  =  30.784,  ±  .0077 

From  (2) *'  =  30.882,  ±  .0189 

From  (3) ^  .   "  =-  30.698,  zfc  .0241 

From  (4) '*  =  30-774,  ±  .0382 

General  mean P  =  30.789,  ±  .0067 

If  0  =  16,  P:=  31.024. 

The  highest  of  these  figures  is  that  from  ratio  number  two,  represent- 
ing the  work  of  Dumas.  This  is  possibly  due  to  the  ])resence  of  oxy- 
chloride,  in  traces,  in  the  trichloride  taken.  Such  an  impurity,  if  present, 
would  tend  to  raise  the  apparent  atomic  weight  of  phosphorus. 

•Compt.  Rend.,  100,  52.     1885. 
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Roscoe's  determination  of  the  atomic  weight  of  vanadium  was  the  first 
to  have  an}'  scientific  value.  The  results  .obtained  by  Berzelius  *  and  by 
Czudnowiczt  were  unquestionably  too  high,  the  error  being  probably 
due  to  the  presence  of  phosphoric  acid  in  the  vanadic  acid  employed. 
This  particular  impurity,  as  Roscoe  has  shown,  prevents  the  complete 
reduction  of  V^Oj  to  V,Os  by  means  of  hydrogen.  All  vanadium  ores 
contain  small  quantities  of  phosphorus,  which  can  only  be  detected  with 
ammonium  molybdate — a  reaction  unknown  in  Berzelius'  time.  Fur- 
thermore, the  complete  purification  of  vanadic  acid  from  all  traces  of 
phosphoric  acid  is  a  matter  of  great  difficulty,  and  probably  never  was 
accomplished  until  Roscoe  undertook  his  researches. 

In  his  determination  of  the  atomic  weight,  Roscoe  X  studied  two  com- 
pounds of  vanadium,  namely,  the  pentoxide,  V^Oj,  and  the  oxychloride, 
VOClj.  The  pentoxide,  absolutely  pure,  was  reduced  to  VjO,  by  heating 
in  hydrogen,  with  the  following  results : 

7.7397  gnn.  VjOj  gave  6.3827  grm.  VjO,.  17-533  P«r  cent,  of  loss. 

6.5819      **      5.4296    **  17.507      *' 

5.1895      **      4.2819    '*  17.489 

5.0450      *'      4.1614    *'  I7.5»5 

5.4296 grm.  V,Oj,  reoxidized,  gave  6.5814 grm.  V^Og.  17.501  per  cent,  difference. 

Mean,  17.509,  ±:  .005 

Hence  V  =»  50.993,  ±  .0219. 

Upon  the  oxychloride,  VOCI3,  two  series  of  experiments  were  made — 
one  volumetric,  the  other  gravimetric.  In  the  volumetric  series  the  com- 
pound was  titrated  w4th  solutions  containing  known  weights  of  silver, 
which  had  been  purified  according  to  the  methods  recommended  by 
Stas.  Roscoe  publishes  his  weighings,  and  gives  percentages  deduced 
from  them  ;  his  figures,  reduced  to  a  common  standard,  make  the  quan- 
tities of  VOClj  given  in  the  third  column  proportional  to  100  parts  of 
silver.     He  was  assisted  by  two  analysts : 


Analyst  A, 

2.4322  grm. 

VOCI3 

=  4.5525  grm.  Ag. 

53.425 

4.6840 

8.7505 

53.528 

4.2188 

7.8807         - 

53.533 

3.9490 

7.3799 

535»o 

.9243 

1.7267 

53.530 

1.4330 

2.6769 

53.532 

*Poggend.  Annal.,  22,  14.  1831. 
tPoggend.  Annal.,  120, 17.  1863. 
X  Journ.  Chem.  Soc.,  6,  pp.  330  and  344.    1868. 
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Analyst  B» 

2.8530  gran.  VOCl,  =  5. 2853  grm.  Ag.  53.980 

2.1252  "  3.9535         "  53.755 

1.4248  *•  2.6642         "  53.479 


Mean,  53.586,  rfc  .039 

The  gravimetric  series,  of  course,  fixes  the  ratio  between  VOCI,  and 
AgCl.  If  we  put  the  latter  at  100  parts,  the  proportion  of  VOCI,  is  as 
given  in  the  third  column : 

Analyst  A. 

1.8521  grm.  VOCij  gave  4-5932  grm.  AgCl.  40.323 

.7013                "                1.7303  "  40.531 

.7486               «*                1.8467  "  40.537 

1.4408               "               3.5719  '*  40.337 

.9453               "                2.3399  "  40.399 

1. 61 83               "               4.0282  •*  40.174 

Analyst  B, 

2.1936  grm.  VOCI,  gave  5. 4039  grm.  AgCl.  40.39» 

2.5054  "  6.21 18         •*  40.333 


Mean,  40.378,  ifc  .028 
These  two  series  give  us  two  values  for  the  molecular  weight  of  VOCI, : 

From  volumetric  series VOCl,=  172.185,  dr  .1254 

From  gravimetric  series '*      =  172.358,  ±  .  1 196 


General  mean VOCI,  =  172.277,  d=  .0866 

Hence  V  =  50.881,  ±  .0877. 

Combining  the  two  values  for  V,  we  have  : 

From  VOCI, V  =  50.881,  it  .0877 

From  VjOg "  =  50.993,  d=  .0219 

General  mean V  =  50.986,  d=  .0212 

If  0  =  16,  V  =  51.376.  These  values  are  calculated  with  0  =  15.879, 
±  .0003;  CI  =  35.179,  ±  .0048;  Ag  =  107.108,  ±  .0031,  and  AgCl  = 
142.287,  ±  .0037. 
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ARSENIC. 


For  the  determination  of  the  atomic  weight  of  arsenic  three  compounds 
have  been  studied — the  chloride,  the  trioxide,  and  sodium  pyroarsenate. 
The  bromide  may  also  be  considered,  since  it  was  analyzed  by  Wallace 
in  order  to  establish  the  atomic  weight  of  bromine.  His  series,  in  the 
light  of  more  recent  knowledge,  may  properly  be  inverted,  and  applied 
to  the  determination  of  arsenic. 

In  1826  Berzelius*  heated  arsenic  trioxide  with  sulphur  in  such  a  way 
that  only  SO,  could  escape.  2.203  grammes  of  ASjO,,  thus  treated,  gave 
a  loss  of  1.069  of  SO,.    Hence  As  =»  74.460. 

In  1845  Pelouzet  applied  his  method  of  titration  with  known  quan- 
tities of  pure  silver  to  the  analysis  of  the  trichloride  of  arsenic,  AsCl,. 
Using  the  old  Berzelian  atomic  weights,  and  putting  Ag  =  1349.01  and 
CI  =  443.2,  he  found  in  three  experiments  for  As  the  values  937.9, 937.1, 
and  937.4.    Hence  100  parts  of  silver  balance  the  following  quantities 

of  AsCl, : 

56.029 
56.009 
56.016 

Mean,  56.018,  dz  .004 

Later,  the  same  method  was  employed  by  Dumas,J  whose  weighings, 
reduced  to  the  foregoing  standard,  give  the  following  results : 

4.298  grm.  AsClj  =  7.673  grm.  Ag.  Ratio,  56.015 

5.535            "            g.SSfi        •*  "      56.022 

7.660            "          13.686        "  "      55.970 

4.680            "            8.358         "  "      55.993 


Mean,  56.000,  zh  .008 

The  two  series  of  Pelouze  and  Dumas,  combined,  give  a  general  mean 
of  56.014,  ±:  .003o,  as  the  amount  of  AsCl,  equivalent  to  100  parts  of 
silver.  Hence  As  =  74.450,  zb  .019,  a  value  closely  agreeing  with  that 
deduced  from  the  single  experiment  of  Berzelius. 

Tlie  same  process  of  titration  with  silver  was  applied  by  Wallace  §  to 
the  analysis  of  arsenic  tribromide,  AsBr,.  This  compound  was  repeatedly 
distilled  to  ensure  purity,  and  was  well  crystallized.  His  weighings 
show  that  the  quantities  of  bromide  given  in  the  third  column  are  pro- 
portional to  100  parts  of  silver : 

8.3246  gnn.  AsBrj  =  8.58  grm.  Ag.  97.023 

4.4368  "  4.573       "  97.022 

5.098  **  5.257       "  96.970 

Mean,  97.005,  zt  .012 


*  Poggend.  Annalen,  8,  i. 
tCompt.  Rend..  30,  1047. 
I  Ann.  Chim.  Phys.  (3),  55,  174.    1859. 
I  Phil.  Mag.  (4),  18.  270. 
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Hence  As  =  73.668,  ±  .0436.  Why  this  value  should  be  so  much 
lower  than  that  from  the  chloride  is  unexplained. 

The  volumetric  work  done  by  Kessler  *  for  the  purpose  of  establishing 
the  atomic  weights  of  chromium  and  of  arsenic,  is  described  in  the 
chromium  chapter.  In  that  investigation  the  amount  of  potassium 
dichromate  required  to  oxidize  100  parts  of  As,0,  to  Asfi^  was  determined 
and  compared  with  the  quantity  of  potassium  chlorate  necessary  to  pro- 
duce the  same  effect.  From  the  molecular  weight  of  KCIO,,  that  of 
K,Cr,0^  was  then  calculable. 

From  the  same  figures,  the  molecular  weights  of  KCIO,  and  of  K,Cr,0^ 
being  both  known,  that  of  As^O,  may  be  easily  determined.  The  quan- 
tities of  the  other  compounds  proportional  to  100  parts  of  As^O,  are  a& 

follows : 

Hr^Cr.O^.  KClOy 

98.95  41.156 

98.94  41.116 

99.17  41.200 

98.98  ^               .    41.255 

99.08  41.201 

99.15  41.086 

41.199 

Mean,  99.045,  d=  .028  41.224 

41. 161 

41.193 
41.149 
41.126 

Mean,  41.172,  di  .009 

Another  series  with  the  dichromate  gave  the  following  figures : 

99.08 
99.06 
99.10 
98.97 
98.97 

Mean,  99.036,  db  .019 
Previous  series,  99.045,  ±  .028 

General  mean,  99.039,  zfc  .016 

Other  defective  series  are  given  to  illustrate  the  partial  oxidation  of 
the  AsjO,  by  the  action  of  the  air.  From  Kessler's  data  we  get  two 
values  for  the  molecular  weight  of  AsjO,,  thus  : 

From  KCIO,  series As,0,  =  196.951,  ±  .0445 

From  K,Cr,Of  series *'      =196.726,111.0562 

General  mean 'A.s^O,  =  196.851,  =h  .0349 

And  As  =  74.607,  dz  .0175. 

*  Poggend  Annal.,  95,  204.    1855.    Also  113, 134.    i86x. 
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The  determinations  made  by  Hibbs*  are  based  upon  an  altogether 
different  process  from  any  of  the  preceding  measurements.  Sodium 
pyroarsenate  was  heated  in  gaseous  hydrochloric  acid,  yielding  sodium 
chloride.  The  latter  was  perfectly  White^  completel}^  soluble  in  water, 
unfused,  and  absolutely  free  from  arsenic.  The  vacuum  weights  are 
subjoined,  with  a  column  giving  the  percentage  of  chloride  obtained 
from  the  pyroarsenate. 

Na^As^O^.  NaCl,                        Percentage, 

.02177  •01439  66.100 

.04713  .03  "5  66.094 

.05795  .03830  66.091 

.40801  .26981  66.128 

.50466  .33345  66.092 

.77538  .51249  66.095 

.82897  .54791  66.095 

1.19124  .78731  66.092 

1.67545  1.10732  66.091 

3.22637  2.13267  66.101 

Mean,  66.098,  d=  .0030 

Hence  As  =  74.340,  d=  .0235. 

In  the  calculation  of  the  foregoing  values  for  arsenic,  the  subjoined 
atomic  weights  have  been  assumed  : 

O   =   15.879,  ±.0003  K  =38.817,  ifc  .0051 

Ag=  107.108,  rt:.003l  Na  =  22.881,  rt  .0046 

CI  =   35.179,  ±.0048  S    =31.828,  ±.001 5_ 

Br  =    79-344.  ±  .0062  Cr  =  51.742,  ±  .0034 

To  the  single  determination  by  Berzelius  we  may  arbitrarily  assign  a 
weight  equal  to  that  of  the  result  from  Wallace's  bromide  series.  The 
general  combination  is  then  as  follows : 

From  Berzelius'  experiment As  =  74.460,  ±  .0436 

From  AsCl, **  =  74.450,  ±  .0190 

From  AsBrj "  =  73.668,  ±  .0436 

From  AsjOj  (Kessler) "  =  74.607,  rfc  .01 75 

From  Na^AsjO^ *•  =  74340,  =b  .0235 

General  mean As  =  74.440,  ±  .0106 

If  O  =  16,  As  =  75.007. 

*  Doctoral  thesis,  University  of  Pennsylvania,  1896.  Work  done  under  the  direction  of  Professor 
E.  P.  Smith.  In  the  fifth  experiment  the  weight  of  NaCl  is  printed  .33045.  This  is  evidently  a 
misprint,  which  I  have  corrected  by  comparison  with  the  other  data.  The  rejection  of  this  ex- 
periment would  not  affect  the  final  result  appreciably. 
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After  some  earlier,  unsatisfactory  determinations,  Berzelius  *  in  1826, 
published  his  final  estimation  of  the  atomic  weight  of  antimony.  He 
oxidized  the  metal  by  means  of  nitric  acid,  and  found  that  100  parts  of 
antimony  gave  124.8  of  SbA-  Hence,  if  O  =-  16,  Sb  =  129.03.  The 
value  129  remained  in  general  acceptance  until  1855,  when  Kessler,  t  by 
special  volumetric  methods,  showed  that  it  was  certainly  much  too  high. 
Kessler's  results  will  be  considered  more  fully  further  along,  in  connec- 
tion with  a  later  paper;  for  present  purposes  a  brief  statement  of  his 
earlierj  conclusions  will  suffice.  Antimony  and  various  compounds  of 
antimony  were  oxidized  partly  by  potassium  dichromate  and  partly  by 
potassium  chlorate,  and  from  the  amounts  of  oxidizing  agent  required 
the  atomic  weight  in  question  was  deduced  : 

By  oxidation  of  Sb^Oj  from  loo  parts  of  Sb Sb  =r  123.84 

By  oxidation  of  Sb  with  KjCrjO^ "  =  123.61 

By  oxidation  of  Sb  with  KCiOj  -f  K,Cr,Oy '*=:  1 23.72 

By  oxidation  of  Sb,Oj  with  KCIO,  +  K^CfjO,.  . .  *'  =  123.80 

By  oxidation  of  Sb^S,  with  KjCfjO^ "  =  "23.58 

By  oxidation  of  tartar  emetic "  =  1 19.80 

The  figures  given  are  those  calculated  by  Kessler  himself.  A  recalcu- 
lation with  our  newer  atomic  weights  for  0,  K,  CI,  Cr,  S,  and  C  would 
yield  lower  values.  It  will  be  seen  that  five  of  the  estimates  agree  closely, 
while  one  diverges  widely  from  the  others.  It  will  be  shown  hereafter 
that  the  concordant  values  are  all  vitiated  by  constant  errors,  and  that 
the  exceptional  figure  is  after  all  the  best. 

Shortly  .after  the  appearance  of  Kessler's  first  paper,  Schneider  J  pub- 
lished some  results  obtained  by  the  reduction  of  antimony  sulphide  in 
hydrogen.  The  material  chosen  was  a  very  pure  stibnite  from  Amsberg, 
of  which  the  gangue  was  only  quartz.  This  was  corrected  for,  and  cor- 
rections were  also  applied  for  traces  of  undecomposed  sulphide  carried 
off  mechanically  by  the  gas  stream,  and  for  traces  of  sulphur  retained 
by  the  reduced  antimony.  The  latter  sulphur  was  estimated  as  barium 
sulphate.  From  3.2  to  10.6  grammes  of  material  were  taken  in  each  ex- 
periment.    The  final  corrected  percentages  of  S  in  Sb^S,  were  as  follows  : 

28.559 

28.557 
28.501 

28.554 
28.532 

*  Toggcnd.  Annalen,  8.  i. 

t  Poggcnd.  Annalen,  95,  215. 

I  Poggcnd.  Annalen,  98,  293.    1856.    Preliminary  note  in  Bd.  97. 
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28.485 
28.492 
28.481 


Mean,  28.520,  =b  .008 

Hence,  if  S  =  32,  Sb  =  120.8. 

Immediately  after  the  appearance  of  Schneider's  memoir,  Rose*  pub- 
lished the  result  of  a  single  analysis  of  antimony  trichloride,  previously 
made  under  his  supervision  by  AVeber.  This  analysis,  if  CI  =  35.5,  makes 
Sb  =  120.7,  a  value  of  no  great  weight,  but  in  a  measure  confirmatory  of 
that  obtained  by  Schneider. 

The  next  research  upon  the  atomic  weight  of  antimony  was  that  of 
Dexter,t  published  in  1857.  This  chemist,  having  tried  to  determine 
the  amount  of  gold  precipitable  by  a  known  weight  of  antimony,  and 
having  obtained  discordant  results,  finally  resorted  to  the  original  method 
of  Berzelius.  Antimony,  purified  with  extreme  care,  was  oxidized  by 
nitric  acid,  and  the  gain  in  weight  was  determined.  From  1.6  to  3.3 
grammes  of  metal  were  used  in  each  experiment.  The  reduction  of  the 
weights  to  a  vacuum  standard  was  neglected  as  being  superfluous.  From 
the  data  obtained,  we  get  the  following  percentages  of  Sb  in  Sb^O^ : 

79.268 
79.272 

79-255 
79.266 

79.253 
79.271 
79.264 
79.260 
79.286  , 

79.274    . 
79.232 

79.395 
79.379 


\  Mean,  79.283,  i  .009 

Hence,  if  0  =  16,  Sb  =  122.46. 

The  determinations  of  Dumas  J  were  published  in  1859.  This  chemist 
sought  to  fix  the  ratio  between  silver  and  antimonious  chloride,  and  ob- 
tained results  for  the  atomic  weight  of  antimony  quite  near  to  those  of 
Dexter.  The  SbCl,  was  prepared  by  the  action  of  dry  chlorine  upon 
pure  antimony;  it  was  distilled  several  times  over  antimony  powder, 
and  it  seemed  to  be  perfectly  pure.  Known  weights  of  this  preparation 
were  added  to  solutions  of  tartaric  acid  in  water,  and  the  silver  chloride 

was  precipitated  without  previous  removal  of  the  antimony.     Here,  as 

1 

*  Poggend.  Annalen,  98,  455.    1856. 
+  Poggend.  Annalen,  100,  363.    1857. 
X  Ann.  Chim.  Phya.  (3),  55,  175. 
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Cooke  has  since  shown,  is  a  possible  source  of  error,  for  under  such 
cu-cumstences  the  crystalline  arRento-antiraonious  tartrate  may  also  be 
thrown  down  and  contaminate  the  chloride  of  silver.  But  be  that  as  it 
may  Dumus  weighmgs,  reduced  to  a  common  standard,  give  as  propor- 

the  third  of  the  subjomed  columns  : 

876  grm.  SbCl,  =  2.660  grni.  Ag.  70.526 


4336  "  6.148 

5.065 


70.527 


7-'7S  "  70.59a 

3.47S  "  4930  "  70.487 

3767  "  5-350  ••  70.4,, 

5-9.0  ..  8.393  "  70.416 

'»-8'8  "  6.836  "  70.626 

Mean,  70.512,  ±  .021 
Hence,  if  Ag  =  108,  and  CI  =  35.5,  Sb  =  122 
In  1861  Kessler's  second  paper*  relative  to  the  atomic  weight  of  an- 

f^J^  ?f  T?v:  ^"^^^'^'  '^'^^''^  ^«'«  8omewhat  complicated,  and 
tor  full  details  the  onginal  memoirs  must  be  consulted.  A  standard 
solution  of  potassium  dichromate  was  prepared,  containing  6.1466 
grammes  to  the  htre.  With  this,  solutions  containing  known  quantities 
ot  antimony  or  of  antimony  compounds  were  titrated,  the  end  reaction 

LT^m  •'I'-!^.''''^  *  ''*"^*''*  «°1""*>"  «f  f«"0"8  chloride.  In  some 
cases  the  titration  was  preceded  by  the  addition  of  a  definite  weight  of 
potassium  chlorate  insufficient  for  complete  oxidation ;  the  dichromate 
then  served  to  finish  the  reaction.  The  object  in  view  was  to  determine 
the  amount  of  oxidizing  agent,  and  therefore  of  oxygen,  necessary  for 
the  conversion  of  known  quantities  of  antimonious  into  antimonic  com- 
pounds. 

In  the  later  paper  Kessler  refers  to  his  earlier  work,  and  shows  that 
the  values  then  found  for  antimony  were  all  too  high,  except  in  the  case 
of  the  series  made  with  tartar  emetic.  That  series  he  merely  states,  and 
subsequently  ignores,  evidently  believing  it  to  be  unworthy  of  further 
considemtion.  For  the  remaining  series  he  points  out  the  sources  of 
error.  Iheseneed  not  be  rediscussed  here,  as  the  discussion  would  have 
no  value  for  present  purposes ;  suffice  it  to  say  that  in  the  series  repre- 
senting the  oxidation  of  Sb,0,  with  dichromate  and  chlomte,  the  ma- 
terial used  was  found  to  be  impure.  Upon  Estimating  the  impurity  and 
correcting  for  it,  the  earlier  value  of  Sb  =  123.80  becomes  Sb  =  122  36 
according  to  Kessler's  calculations. 

In  the  paper  now  under  consideration  four  series  of  results  are  given 
Ihe  first  represents  experiments  made  upon  a  pure  antimony  trioxide 
which  had  been  sublimed,  and  which  consisted  of  shining  coloriess 
needles.    This  was  dissolved,  together  with  some  potassium  chlorate,  in 

•Poggcnd.  Annalen.  113,  145.    1861. 
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hydrochloric  acid,  and  titrated  with  dichromate  solution.  Six  experi- 
ments were  made,  but  Kessler  rejects  the  first  and  second  as  untrust- 
worthy.   The  data  for  the  others  are  as  follows : 


Sd,0,. 

KCIO^, 

K^Cr^O^  sol,  in  cc. 

1.7888  gnn. 

.4527  grm. 

19.2  cc. 

1.6S23  *' 

.4506  " 

3.9  " 

3.299«  " 

.8806  " 

16.5  " 

1.3438  " 

.3492  *' 

10.2  ** 

From  these  figures  Kessler  deduces  Sb  =  122.16. 

These  data,  reduced  to  a  common  standard,  give  the  following  quanti- 
ties of  oxygen  needed  to  oxidize  100  parts  of  SbjO,  to  SbjOj.  Each  cubic 
centimetre  of  the  K,Cr,0,  solution  corresponds  to  one  milligramme  of  0 : 

10.985 

10.939 
10.951 
10.936 


Mean,  10.953,  =b  .0075 

In  the  second  series  of  experiments  pure  antimony  was  dissolved  in 
hydrochloric  acid  with  the  aid  of  an  unweighed  quantity  of  potassium 
chlorate.  The  solution,  containing  both  antimonious  and  antimonic 
compounds.,  was  then  reduced  entirely  to  the  antimonious  condition  by 
means  of  stannous  chloride.  The  excess  of  the  latter  was  corrected  with 
a  strong  hydrochloric  acid  solution  of  mercuric  chloride,  then,  after 
diluting  and  filtering,  a  weighed  quantity  of  potassium  chlorate  was 
added,  and  the  titration  with  dichromate  was  performed  as  usual.  Cal- 
culated as  above,  the  percentages  of  oxygen  given  in  the  last  column 
correspond  to  100  parts  of  antimony : 

Sb,  KCIO^,  K^Cr^O-i  sol.  cc.    Per  cent.  O, 

i.636»gnn.  0.5000  grm.  18.3  13.088 

3.0825    **  0.9500    "  30.2  13.050 

4.5652    "  1.4106    **  45.5  13098 

Mean,  13.079,  dr  .0096 

This  series  gave  Kessler  Sb  =  122.34. 

The  third  and  fourth  series  of  experiments  were  made  with  pure 
antimony  trichloride,  SbCl,,  prepared  by  the  action  of  mercuric  chloride 
upon  metallic  antimony.  This  preparation,  in  the  third  series,  was  dis- 
solved in  hydrochloric  acid,  and  titrated.  In  one  experiment  solid 
K,Cr,0,  in  weighed  amount  was  added  before  titration ;  in  the  other  two 
estimations  KCIO,  was  taken  as  usual.  The  third  column  gives  the 
percentages  of  oxygen  corresponding  to  100  parts  of  SbCl,. 
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Per  cent.  O, 
1.8576  grm.  SbCl,  needed  .5967  gnn.  KJZrfi^  and  33.4  cc.  sol.     7.0338 
1.9118  *'  .30x9    "      KCIO,      "     16.2      "         7.0321 

4.1235  "  .6801    "      KCIO,     **    23.2      *•         7.0222 

Mean,  7.0294,  d=  .0024 

The  fourth  set  of  experiments  was  gravimetric.  The  solution  of  SbCl, 
mixed  with  tartaric  acid,  was  first  precipitated  by  hydrogen  sulphide, 
in  order  to  remove  the  antimony.  The  excess  of  H,S  was  corrected  by 
copper  sulphate,  and  then  the  chlorine  was  estimated  as  silver  chloride 
in  the  ordinary  manner.  100  parts  of  AgCl  correspond  to  the  amounts 
of  SbClj  given  in  the  third  column. 

1.8662  grm.  SbCl,  gave  3.483  grm.  AgCl.  53.580 


1.6832 

3. 141 

53.588 

27437 

5.III5 

53677 

2.6798 

5.0025 

53.569 

5.047 

9.4II 

53.629 

3.8975 

7.2585 

53.696 

Mean,  53.623,  ifc.015 

The  volumetric  series  with  SbCl,  gave  Kessler  values  for  Sb  ranging 
from  121.16  to  121.47.  The  gravimetric  series,  on  the  other  hand,  yielded 
results  from  Sb  =  124.12  to  124.67.  This  discrepancy  Kessler  rightly 
attributes  to  the  presence  of  oxygen  in  the  chloride;  and,  ingeniously 
correcting  for  this  error,  he  deduces  from  both  sets  combined  the  valtie  of 
Sb  =  122.87. 

The  several  mean  results  for  antimony  agree  so  fairly  with  each  other, 
and  with  the  estimates  obtained  by  Dexter  and  Dumas,  that  we  cannot 
wonder  that  Kessler  felt  satisfied  of  their  general  correctness,  and  of  the 
inaccuracy  of  the  figures  published  by  Schneider.  Still,  the  old  series 
of  data  obtained  by  the  titration  of  tartar  emetic  with  dichromate  con- 
tained no  evident  errors,  and  was  not  accounted  for.  This  series,*  if 
we  reduce  all  of  Kessler's  figures  to  a  single  common  stai^dard,  gives  a 
ratio  between  K,Cr,0,  and  C^H^KSbO^.iHjO.  100  parts  of  the  former 
will  oxidize  of  the  latter : 

336.64 
338.01 

337-93 
338.59 
335.79 

Mean,  337.30,  db  .29 

From  this,  if  K,CrA=.  292.271,  Sb  =  118.024. 

The  newer  atomic  weights  found  in  other  chapters  of  this  work  will 

*Po?Rcnd.  Annalen,  95,  217. 
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be  applied  to  the  discussion  of  all  these  series  further  along.  It  may, 
however,  be  properly  noted  at  this  point  that  the  probable  errors  assigned 
to  the  percentages  of  oxygen  in  three  of  Kessler's  series  are  too  low. 
These  percentages  are  calculated  from  the  quantities  of  KCIO,  involved 
in  the  several  reactions,  and  their  probable  errors  should  be  increased 
with  reference  to  the  probable  error  of  the  molecular  weight  of  that  salt. 
The  necessary  calculations  would  be  more  laborious  than  the  importance 
of  the  figures  would  warrant,  and  accordingly,  in  computing  the  final 
general  mean  for  antimony,  Kessler's  figures  will  receive  somewhat  higher 
weight  than  they  are  legitimately  entited  to. 

Naturally,  the  concordant  results  of  Dexter,  Kessler,  and  Dumas  led 
to  the  general  acceptance  of  the  value  of  122  for  antimony  as  against  the 
lower  figure,  120,  of  Schneider.  Still,  in  1871,  Unger  *  published  the  re- 
sults of  a  single  analysis  of  Schlippe's  salt,  NagSbS^.OHjO.  This  analysis 
gave  Sb  =  119.76,  if  S  =  32  and  Na  =  23,  but  no  great  weight  could  be 
attached  to  the  determination.  It  served,  nevertheless,  to  show  that  the 
controversy  over  the  atomic  weight  of  antimony  was  not  finally  settled. 

More  than  ten  years  after  the  appearance  of  Kessler's  second  paper  the 
subject  of  the  atomic  weight  of  antimony  was  again  taken  up,  this  time 
by  Professor  Cooke.  His  results  appeared  in  the  autumn  of  1877 1  and 
were  conclusive  in  favor  of  the  lower  value,  approximately  120.  For  full 
details  the  original  memoir  must  be  consulted ;  only  a  few  of  the  leading 
points  can  be  cited  here. 

Schneider  analyzed  a  sulphide  of  antimony  which  was  already  formed. 
Cooke,  reversing  the  method,  effected  the  synthesis  of  this  compound. 
Known  weights  of  pure  antimony  were  dissolved  in  hydrochloric  acid 
containing  a  little  nitric  acid.  In  this  solution  weighed  balls  of  antimony 
were  boiled  until  the  liquid  became  colorless ;  subsequently  the  weight 
of  metal  lost  by  the  balls  was  ascertained.  To  the  solution,  which  now 
contained  only  antimonious  compounds,  tartaric  acid  was  added,  and 
then,  with  a  supersaturated  aqueous  sulphhydric  acid,  antimony  trisul- 
phide  was  j)recipitated.  The  precipitate  was  collected  by  an  ingenious 
process  of  reverse  filtration,  converted  into  the  black  modification  by 
drying  at  210°,  and  weighed.  After  weighing,  the  SbjS,  was  dissolved 
•  in  hydrochloric  acid,  leaving  a  carbonaceous  residue  unacted  upon. 
This  was  carefully  estimated  and  corrected  for.  About  two  grammes  of 
antimony  were  taken  in  each  experiment  and  thirteen  syntheses  were 
performed.  In  two  of  these,  however,  the  antimony  trisulphide  was 
weighed  only  in  the  red  modification,  and  the  results  were  uncorrected 
by  conversion  into  the  black  variety  and  estimation  of  the  carbonaceous 
residue.  In  fact,  every  such  conversion  and  correction  was  preceded  by 
a  weighing  of  the  red  modification  of  the  Sb,S,.  The  mean  result  of  these 
weighings,  if  S  =  32,  gave  Sb  =  119.994.    The  mean  result  of  the  cor- 

*  Archiv.  der  Phartnacie,  197,  194.    Quoted  by  Cooke, 
t  Proc.  Araer.  Acad.,  5,  13. 


222  THE   ATOMIC   WEIGHTS. 

rected  syntheses  gave  Sb  =;  120.295.    In  these  eleven  experiments  the 
following  percentages  of  S  in  Sb,Sj  were  established : 

28.57 
28.60 

28.57 
28.43 
28.42 

28.53 
28.50 

28.49 
28.58 
28.50 
28.51 


Mean,  28.5182,  ±.  .0120 

These  results,  confirmatory  of  the  work  of  Schneider,  were  presented 
to  the  American  Academy  in  1876.  Still,  before  publication,  Cooke 
thought  it  best  to  repeat  the  work  of  Dumas,  in  order  to  detect  the  cause 
of  the  old  discrepancy  between  the  values  Sb  =  120  and  Sb  =  122.  Ac- 
cordingly, various  samples  of  antimony  trichloride  were  taken,  and  puri- 
fied by  repeated  distillations.  The  final  distillate  was  further  subjected 
to  several  recrystallizations  from  the  fused  state ;  or,  in  one  case,  from  a 
saturated  solution  in  a  bisulphide  of  carbon.  The  portions  analyzed 
were  dissolved  in  concentrated  aqueous  tartaric  acid,  and  precipitated 
by  silver  nitrate,  many  precautions  being  observed.  The  silver  chloride 
was  collected  by  reverse  filtration,  and  dried  at  temperatures  from  110** 
to  120**.  In  one  experiment  the  antimony  was  first  removed  by  H,S. 
Seventeen  experiments  were  made,  giving,  if  Ag  =  108  and  CI  =  35.5,  a 
mean  value  of  Sb  =  121.94.  If  we  reduce  to  a  common  standard,  Cooke  s 
analyses  give,  as  proportional  to  100  parts  of  AgCl,  the  quantities  of  SbCl^ 
stated  in  the  third  column : 


1.5974  grm. 

SbCl, 

gave  3.0124  grnr 

I.  AgCl. 

53.028 

1.2533 

2.3620 

53.061 

.8876 

1.6754 

52.978 

.8336 

I  5674 

53.184 

.5326 

I. 0021 

53.148 

.7270 

1.3691 

If 

53.10I 

1.2679 

2.3883 

53.088 

1.9422 

3.6646 

52.999 

1.7702 

3.3384 

53.025 

2.5030 

4.7184 

53.048 

2.1450 

4.0410 

53.081 

1.7697 

3.3281 

53.175 

2.3435 

4.4157 

53.072 

1.3686 

2.5813 

53020 

1.8638 

3.5>46 

53.030 

2.0300 

3.8282 

53.028 

2.4450 

4.6086 

"       53.053 

Mean,  53  066,  rb  .0096 
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,    This  mean  may  be  combined  with  that  of  Kessler's  series,  as  follows : 

Kessler . .  53.623,    ±  .015 

Cooke 4 53.066,    d=  .0096 

General  mean 53.231 1,  di  .008 

The  results  thus  obtained  with  SbCl,  confirmed  Dumas'  determination 
of  the  atomic  weight  of  antimon}'  as  remarkably  as  the  syntheses  of  SbjS, 
had  sustained  the  work  of  Schneider.  Evidently,  in  one  or  the  other 
series  a  constant  error  must  be  hidden,  and  much  time  was  spent  by 
Cooke  in  searching  for  it.  It  was  eventually  found  that  the  chloride  of 
antimony  invariably  contained  traces  of  oxychloride,  an  impurity  which 
tended  to  increase  the  apparent  atomic  weight  of  the  metal  under  con- 
sideration. It  was  also  found,  in  the  course  of  the  investigation,  that 
hydrochloric  acid  solutions  of  antimonious  compounds  oxidize  in  the  air 
during  boiling  as  rapidly  as  ferrous  compounds,  a  feet  which  explains 
the  high  values  for  antimony  found  by  Kessler. 

In  order  to  render  **  assurance  doubly  sure,"  Professor  Cooke  also 
undertook  the  analysis  of  the  bromide  and  the  iodide  of  antimony.  The 
bromide,  SbBr,,  was  prepared  by  adding  the  finely  powdered  metal  to  a 
solution  of  bromine  in  carbon  disulphide.  It  was  purified  by  repeated 
distillation  over  pulverized  antimony,  and  by  several  recrystallizations 
from  bisulphide  of  carbon.  The  bromine  determinations  resemble  those 
of  chlorine,  and  gave,  if  Ag  =  108  and  Br  =  80,  a  mean  value  for  anti- 
mony of  Sb  =  120.  Reduced  to  a  common  standard,  the  fifteen  analyses 
give  the  subjoined  quantities  of  SbBrj  proportional  to  100  parts  of  silver 
bromide : 

1. 8621  gnu.  SbBr,  gave  2.9216  grm.  AgHr,  63.736 

"  63.909 

•«  63.721 

63.795 
63.833 
63841 
63.848 
**  63.901 

63.874 
63.756 
63.870 
63.890 
63.825 
63.859 
63.791 

Mean,  63.830,  db  .008 

The  iodide  of  antimony  was  prepared  like  the  bromide,  and  analyzed 
in  the  same  way.  At  first,  discordant  results  were  obtained,  due  to  the 
presence  of  oxyiodide  in  the  iodide  studied.    The  impurity,  however, 


.9856 

1.5422 

1.8650     * 

2.9268 

1.5330 

2.4030 

1.3689 

2.1445 

1. 2124 

I.899I 

.9417 

1.4749 

2.5404 

3-9755 

1.5269 

2.3905 

1.8604 

*      2.9180 

1.7298 

2.7083 

3.2838 

5.1398 

2.3589 

3.6959 

1.3323 

'•      2.0863 

2.6974 

4.2285 
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was  removed  by  subliming  the  iodide  in  an  atmosphere  of  dry  carbon 
dioxide.  With  this  purer  material,  seven  estimations  of  iodine  were 
made,  giving,  if  Ag  =»  108  and  I  =  127,  a  value  for  antimony  of  Sb  =  120. 
Reduced  to  a  uniform  standard,  Cooke's  weighings  give  the  following 
quantities  of  Sbl,  proportional  to  100  parts  of  silver  iodide : 
1. 1877  grm.  Sbl,  gave  1.6727  grm.  Agl.  71.005 


.4610 

.6497 

70.956 

3.2527 

4.5716 

71.150 

1.8068 

2.S389 

71.165 

1.5970 

2.2456 

71. "7 

2.3201 

3.2645 

> 

71.071 

.3496 

.4927 

Mean 

70.956 
71.060,  dr  .023 

Although  Cooke's  work  was  practically  conclusive,  as  between  the  rival 
values  for  antimony,  his  results  were  severely  criticised  by  Kessler,*  who 
evidently  had  read  Cooke's  paper  in  a  very  careless  way.  On  the  other 
hand,  Schneider  published  in  Poggendorff's  Annalen  a  friendly  review 
of  the  new  determinations,  which  so  well  vindicated  his  own  accuracy. 
In  reply  to  Kessler,  Cooke  undertook  still  another  series  of  experiments 
with  antimony  bromide,!  and  obtained  absolute  confirmation  of  his 
previous  results.  To  a  solution  of  antimony  bromide  was  added  a  solu- 
tion containing  a  known  weight  of  silver  not  quite  sufficient  to  precipi- 
tate all  the  bromine.  The  excess  of  the  latter  was  estimated  by  titration 
with  a  normal  silver  solution.  Five  analyses  gave  values  for  antimony 
ranging  from  119.98  to  120.02,  when  Ag  =  108  and  Br  =  80.  Reduced 
to  a  common  standard,  the  weights  obtained  gave  the  amounts  of  SbBr 
stated  in  the  third  column  as  proportional  to  100  parts  of  silver : 

2.5032  grm.  SbBr,  =  2.2528  grm.  Ag.  111.II5 

2.0567  •'  1.8509        •*  I II. 119 

2.6512  *•  2.3860       '*  III. 115 

33053  "  2.9749        ♦•  III. 106 

2.7495  *'  2.4745        *•  III. 113 


Mean,  1 11. 1 14,  db  .0014 

Schneider,^  also,  in  order  to  more  fully  answer  Kessler's  objections, 
repeated  his  work  upon  the  Arnsberg  stibnite.  This  he  reduced  in  hydro- 
gen as  before,  correcting  scrupulously  for  impurities.  The  following 
percentages  of  sulphur  were  found  : 

28.546 
28.534 
28.542 


Mean,  28  541,  ±  .0024 


*  Berichte  d.  Deutach.  Chem.  Gesell.,  12,  1044.    1879. 

t  Amcr.  Journ.  Sci.  and  Arts,  May,  1880.    Berichte.  13,  951. 

tJourn.  f&r  Prakt.  Chem.  (a),  23,  131. 
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These  figures  confirm  his  old  results,  and  may  be  fairly  combined  with 
them  and  with  the  percentages  found  by  Cooke,  as  follows : 

Schneider,  early  series 28.520,    db  .008 

Schneider,  late  series 28.541,    ±  .0024 

Cooke 28.5182,  ±  .0120 

General  mean 28.5385,  ±  .0023 

In  1881  Pfeifer*  determined  electrolytically  the  direct  ratios  between 
silver  and  antimony,  and  copper  and  antimony.  With  copper  the  fol- 
lowing data  were  obtained : 

D/s  :  Sd^  :  :  /OO  :  x. 
1.412  grm.  Sb  =  i.icx)8  Cu.  128.270 

1.902  **  1.4832    "  128.236 

3.367  •*  2.6249    *'  128.272 


Mean,  128.259,  rt  .0077 


If  Cu  =  63.6,  Sb  =  122.36. 
With  silver  he  found — 


Agz 

:Sb'.:  100 

5.925  grm.  Sb 

=  15.774  Ag. 

37.562 

6.429 

17.109    *' 

37.577 

10. 1 16          " 

26.972   " 

37.506 

4865      .    " 

13.014    '* 

37.383 

4.390 

11.697    " 

37.531 

9.587 

25.611    " 

37.433 

4.525 

12.097    " 

37.406 

Mean,  37.485,  ±  .0198 

If  Ag  =  108,  Sb  =  121.45. 

The  latter  ratio  was  also  determined  by  Popper,t  several  years  after- 
wards. The  two  metals  were  precipitated  simultaneously  by  the  same 
current ;  and  in  some  experiments  two  portions  of  antimony  were  thrown 
down  against  one  of  silver.  These  are  indicated  in  the  subjoined  table 
by  suitable  bracketing,  and  the  ratio  is  given  in  the  third  column : 

Sb. 

1.4856 1 
1.4788/ 
2.0120 ) 
2.0074  ) 
388821 
3.8903  ^ 
4.18931 
4.1885/ 


Ag, 

Ratio, 

3.9655 

37.463 
37.292 

5.3649 

37.503 
37.4»7 

10.3740 

37.480 
37.500 

11.1847 

37.455 
37.447 

15 


*  Ann.  Chetn.  Pharm.,  209,  x6i. 
t  Ann.  Chem.,  233,  153. 
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4.2710 1 
4.2752  i 

11.3868 

37.507 

37.545 

5.68601 
5.6901) 

15.1786 

37.460 

37.487 

4.4II7 

II. 8014 

37.383 

4.9999 

13.3965 

37.322 

5.2409 

14.0679 

Mean 

37.250 

,  37.434,  i:  .0149 

Pfeifer  found, 

37.485,  ifc  .0198 

General  mean,  37.452,  d:  .0119 

If  Ag  — 108,  Popper's  figures  give  in  mean  Sb  =  121.3. 

I  am  inclined  to  attach  slight  importance  to  these  electrolytic  data, 
for  the  reasons  that  it  would  be  very  difficult  to  ensure  the  absolute 
purity  and  freedom  from  occlusions  of  the  antimony  as  weighed,  or  to 
guarantee  that  no  secondary  reactions  had  modified  the  ratios. 

The  work  done  by  Bongartz  *  in  1883  was  quite  diflferent  from  any  of 
the  determinations  which  had  preceded  it.  Carefully  purified 'antimony 
was  weighed  as  such,  and  then  dissolved  in  a  concentrated  solution  of 
potassium  sulphide.  From  this,  after  strong  dilution,  antimony  trisul- 
phide  was  thrown  down  by  means  of  dilute  sulphuric  acid.  After 
thorough  washing,  this  sulphide  was  oxidized  by  hydrogen  peroxide,  by 
Classen's  method,  and  the  sulphur  in  it  was  weighed  as  barium  sulphate. 
The  ratiolmeasured,  therefore,  was  2Sb :  3BaS0^.  and  the  data  were  as 
follows.     The  BaSO^  equivalent  to  100  parts  of  Sb  is  tire  ratio  stated  : 


Sb  Taken, 

BaSO^  Found. 

Ratio. 

1. 492 1 

4.3325 

290.362 

.6132 

1.7807 

290.394 

.5388 

1.5655 

290.553 

1.2118 

3.5205 

290.518 

.9570 

2.7800 

290.491 

.6487 

1.8855 

290.349 

.7280 

2.1100 

289.835. 

.9535 

2.7655 

290.036 

1.0275 

2.9800 

290.024 

.9635 

2.7980 

290.399 

.9255 

2.6865 

290.275 

.7635 

2.2175 

290.438 
Mean,  290.306, 

: .0436 

We  have  now  before  us  the  following  ratios,  good  and  bad,  from  which 
to  calculate  the  atomic  weight  of  antimony.  The  single  results  obtained 
by  Weber  and  by  Unger,  being  unimportant,  are  not  included  : 

*  Ber.  Deutsch.  Chem.  Gesell.,  16,  194a.    1883. 
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(I.)  Percentage  of  S  in  Sb,Sj,  28.5385,  zt  .0023 

(2.)  Percentage  of  Sb  in  SbjO^,  79-283,  dr  .009 

(3.)  O  needed  to  oxidize  100  parts  SbCl,,  7.0294,  d=  .0024 

(4.)  O  needed  to  oxidize  100  parts  Sb,0„  10.953,  db  .0075 

(5.)  O  needed  to  oxidize  100  parts  Sb,  13.079,  db  .0096 

(6.)  K,Cr,Oy :  tartar  emetic  :  :  100  :  337.30,  d=  .29 

(7.)  Ag,  ;  SbCI,  :  :  100  :  70.512,  dt  .021 

(8.)  3AgCl  :  SbCl,  :  :  100  :  53.2311,  db  .008 

(9.)  Ag,  :  SbBr,  :  :  100  :  1 1 1. 1 14,  d=  .0014 

(10.)  3AgBr  :  SbBr,  :  :  100  :  63.830,  it  .008 

(11.)  3AgI  :  Sbig  :  :  100  :  71.060,  d=  .023 

(12.)  Cu,  :  Sb,  :  :  100  :  128.259,  dr  .0077 

U3-)  Ag,  :  Sb<  :  100  :  37.45*1  ±  •0"9 

(14.)  Sb,  :  3BaS04  :  :  100  :  290.306,  d=  .0436 

In  the  reduction  of  these  ratios  a  considerable  number  of  antecedent 
atomic  weights  are  required,  thus : 

0  =  15.879,  dr  .0003  c  =  11.920,  d:  .0004 
Ag=  107.108,  d=  .0031  Cu  =  63.119,  d=  .0015 
CI  =  35.179,  ±  .0048  Ba  =  136.392,  zt  .0086 
Br  =  79.344.  dr  .0062  Cr   =  51-742,  =fc  .0034 

1  =  125.888,  db  .0069  AgCl  =  142.287,  dr  .0037 
K  =  38.817,  d=  .0051  AgBr=  186.452,  dr  .0054 
S  =  31.828,  dr  .0015  Agl  =  232.996,  rt  .0062 

Three  of  the  ratios  give  the  molecular  weight  of  antimony  trichloride, 
and  two  give  corresponding  values  for  the  bromide.  These  values  may 
be  combined,  as  follows :  First,  for  the  chloride — 

From  (3) SbCl,  =  225.894,  ±:  .0771 

From  (7) **      =  226.572,  dr  .0678 

From  (8) **      =  227.223,  dr  .0347 

General  mean bbCl,  =  226.924,  dr  .0286 

Hence  Sb  =  121.387,  ±  .0321. 
For  the  bromide  we  have — 

From  (9) SbBr,  =  357.036,  dr  .01 13 

From  (10) ••      =  357.037,  ±  .0250 

General  mean SbBr,  =  357-036,  dr  .0103 

Hence  Sb  =  119.005,  ±  .0212. 

All  the  data  yield  eleven  values  for  antimony,  which  are  arranged 
below  in  the  order  of  their  magnitude : 
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1.  From  tartar  emetic,  ratio  (6) Sb 

2.  FromSbBr, 

3.  From  Sblj,  ratio  (ii) 

4.  From  SbjSj,  ratio  (i) 

5.  From  ratio  (14) 

6.  From  ratio  (13) 

7.  From  ratio  (4) 

8.  From  SbCl, ^ 

9.  From  ratio  (5) 

10.  From  ratio  (12) 

1 1.  From  SbjO^,  ratio  (2) 


:  118.024,  d= 
=  119.005,  rh 
:  119.037,  ± 
=  119.548,  db 

:  119.737.  ± 
:  120.342,  ±: 

121.155,  ± 
121.387,  ± 
121.408,  d= 

: 121.434, ± 
:  121.542,  dl 


2827 
,0212 
,1626 
,0069 
0188 
0384 

xooo 
0321 
0891 
0078 
0546 


General  mean Sb  =  120.299,  ±  -0047 

If  0  =  16,  this  becomes  Sb  =  121.218. 

Among  these  figures  the  discordance  is  so  great  that  the  mathematical 
combination  has  no  real  value.  We  must  base  our  judgment  in  this  case 
mainly  upon  chemical  evidence,  and  this,  as  shown  in  the  in^^tigations 
of  Cooke  and  of  Schneider,  favors  a  lower  rather  than  a  higher  value  for 
the  atomic  weight  of  antimony.  Dumas'  work  was  affected  by  constant 
errors  which  are  now  known,  and  Dexter's  data  are  also  presumably  in 
the  wrong.  A  general  mean  of  values  2,  3,  4,  and  5  gives  Sb  «=  119.521, 
±  .0062,  or,  if  0  =  16,  Sb  «  120.432.  Even  now  the  range  of  uncertainty 
is  greater  than  it  should  be,  but  none  of  the  four  values  combined  can 
be  accepted  exclusively  or  rejected  without  more  evidence.  This  result, 
therefore,  should  be  adopted  until  new  determinations,  of  a  more  con- 
clusive nature,  have  been  made. 
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BJarly  in  the  century  the  combining  weight  of  bismuth  was  approxi- 
mately fixed  through  the  experiments  of  Lagerhjelm.*    Effecting  the 
direct  union  of  bismqth  and  sulphur,  he  found  that  ten  parts  of  the  metal  ^ 
yield  the  following  quantities  of  trisulphide : 

12.2520 
12.2065 
12.2230 
12.2465 


Mean,  12.2320 

Hence  Bi  =  215  in  round  numbers,  a  value  now  known  to  be  much  too 
high.  Lagerhjelm  also  oxidized  bismuth  with  nitric  acid,  and,  after  igni- 
tion, weighed  the  trioxide  thus  formed.  Ten  parts  of  metal  gave  the 
following  quantities  of  BijO, : 

1 1. 1382 
II. 1275 

Mean,  11. 13285 

Hence,  if  0  =  16,  Bi  =  211.85,  a  figure  still  too  high. 

In  1851  the  subject  of  the  atomic  weight  of  bismuth  was  taken  up  by 
Schneider,t  who,  like  Lagerhjelm,  studied  the  oxidation  of  the  metal 
with  nitric  acid.  The  work  was  executed  with  a  variety  of  experimental 
refinements,  by  means  of  which  every  error  due  to  possible  loss  of  mate- 
rial was  carefully  avoided.  For  full  details  the  original  paper  must  be 
consulted ;  there  is  only  room  in  these  pages  for  the  actual  results,  as 
follows.    The  figures  represent  the  percentages  of  Bi  in  Bi^Oj : 

89.652 
89.682 
89.644 

89.634 
89.656 
89.666 
89.655 
89.653 

Mean,  89.6552,  ih  .0034 

Hence,  if  0  =  16,  Bi  =  208.05. 

Next  in  order  are  the  results  obtained  by  Dumas.  J    Bismuth  tri- 

*  Annals  of  Philosophy,  4,  358.    1814.    Adopted  by  Berzelius. 
t  Poggend.  Annalen.  82.  303.     1851. 
X  Ann.  Chtin.  Phys.  (3).  55,  176.     1859. 
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chloride  was  prepared  by  the  action  of  dry  chlorine  upon  bismuth,  and 
repeatedly  rectified  by  distillation  over  bismuth  powder.  The  product 
was  weighed  in  a  closed  tube,  dissolved  in  water,  and  precipitated  with 
sodium  carbonate.  In  the  filtrate,  after  strongly  acidulating  with  nitric 
acid,  the  chlorine  was  precipitated  by  a  known  amount  of  silver.  The 
figures  in  the  third  column  show  the  quantities  of  BiCl,  proportional  to 
100  parts  of  silver : 


3.506  grrr 

1.  Bi< 

^'3  =  3.545  grm. 

Ag. 

98.900 

1.149 

1.168 

i 

98.373 

1.5965 

1.629 

* 

98.005 

2.1767 

2.225 

t 

97.829 

3.081 

3.144 

If 

97.996 

2.4158 

2.470 

i( 

97.806 

1. 7107 

1.752 

1 

97.643 

3-523 

3.6055 

c 

97.7«2 

S.241 

5.361 

97.762 

Mean 

,  98.003,  db  .090 

Hence,  with  Ag  =  108  and  CI  =  35..5,  Bi  =  211.03. 

The  first  three  of  the  foregoing  experiments  were  made  with  slightly 
discolored  material.  The  remaining  six  percentages  give  a  mean  of 
97.791,  whence,  on  the  same  basis  as  before,  Bi  =  110.79.  Evidently 
these  results  are  now  of  slight  value,  for  it  is  probable  that  the  chloride  of 
bismuth,  like  the  corresponding  antimony  compound,  contained  traces 
of  oxychloride.  This  assumption  fully  accounts  for  the  discordance  be- 
tween Dumas*  determination  and  the  determinations  of  Schneider  and 
of  still  more  recent  investigators. 

In  1883  Marignac  *  took  up  the  subject,  attacking  the  problem  by  two 
methods.  His  point  of  departure  was  commercial  subnitrate  of  bismuth, 
which  was  purified  by  re-solution  and  reprecipitation,  and  from  which 
he  prepared  the  oxide.  First,  bismuth  trioxide  was  reduced  by  heating 
in  hydjTogen,  beginning  with  a  moderate  temperature  and  closing  the 
operation  at  redness.  The  results  were  as  follows,  with  the  percentage 
of  Bi  in  BijOj  added : 

2.6460  grm.  Bi,0,  lojtt  0.2730  grm.  O.  89.683  per  cent. 


6.7057 
3.6649 
5.8024 
5.1205 
55640 


.6910 
.3782 
.5981 
.5295 
.5742 


89.696 

89.681  ** 

89.692  " 

89.658  " 

89.680  " 

Mean,  89.682,  d=  .0036 


Hence,  if  0  =  16,  Bi  =  208.60. 


*  Arch.  Sci.  Phys.  ct  Nat.  (3),  10,  10. 


BISMUTH.  231 

Marignac's  second  method  of  determination  was  by  conversion  of  the 
oxide  into  the  sulphate.  The  oxide  was  dissolved  in  nitric  acid,  and 
then  sulphuric  acid  was  added  in  slight  excess  from  a  graduated  tube. 
ITie  mass  was  evaporated  to  dryness  with  great  care,  and  finally  heated 
over  a  direct  flame  until  fumes  of  SO,  no  longer  appeared.  The  third 
column  gives  the  sulphate  formed  from  100  parts  of  oxide : 


2.6503  Bi,0, 

gave  4.0218  Bi 

i.(SO,),. 

Ratio,  151.749 

2.8025 

4.2535 

** 

•*       151.77s 

2.710            " 

4.112 

i( 

*'      I5».734 

2.813 

4.267 

<« 

-      151.688 

2.8750 

4.3625 

(< 

"      151.739 

2.7942 

4.2383 

"      151.682 

Mean,  151.728, 

.0099 

Hence,  with  0  =  16  and  S  =  32.06,  Bi  =  208.16. 

This  result  needs  to  be  studied  in  the  light  of  Bailey's  observation,* 
that  bismuth  sulphate  has  a  very  narrow  range  of  stability.  It  loses  the 
last  traces  of  free  sulphuric  acid  at  405°,  and  begins  to  decompose  at  418°, 
so  that  the  foregoing  ratio  is  evidently  uncertain.  The  concordance  of 
the  data,  however,  is  favorable  to  it. 

The  next  determination  of  this  atomic  weight  was  by  Lowe,t  who 
oxidized  the  metiil  with  nitric  acid,  and  reduced  the  nitrate  to  oxide  by 
ignition.  Special  care  was  taken  to  prepare  bismuth  free  from  arsenic, 
and  the  oxide  was  fused  before  weighing.  In  the  paper  just,  quoted 
Bailey  calls  attention  to  the  volatility  of  bismuth  oxide,  which  doubt- 
less accounts  for  the  low  results  found  in  this  investigation.  The  data 
are  as  follows : 

Bi  Taken,  Bi^O^  Found,  Percent,  Bi. 

11.309  12.616  89.640 

12.2776  13.694  89.656 


Mean,  89.648,  =f:  .0040 

Hence,  if  0  =  16,  Bi  =  207.84. 

In  Classen's  %  work  upon  the  atomic  weight  of  bismuth,  the  metal 
itself  was  first  'carefully  investigated.  Commercial  samples,  even  those 
which  purported  to  be  pure,  were  found  to  be  contaminated  with  lead 
and  other  impurities,  and  these  were  not  entirely  removable  by  many 
successive  precipitations  as  subnitrate.  Finally,  pure  bismuth  was  ob- 
tained by  an  electrolytic  process,  and  this  was  converted  into  oxide  by 
means  of  nitric  acid  and  subsequent  ignition  to  incipient  fusion.  Results 
as  follows,  with  the  percentage  of  Bi  in  Bi,Oj  added : 

*  Journ.  Chem.  Soc.,  51,  676. 
t  Zeit.  Anal.  Chem.,  2i,  498. 
I  Ber  Deutscb.  Chem.  Gesell.,  23,  988.    1890. 
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Bi  Taken.  Bi^O^  Found.  Percent  Bu 

25.<^7  27.9442  89.703 

21.0691  23.4875  89.7035 

27.2596  303922  89693 

36.5'95  4o.7«3i  89.700 

27.9214  3". 1295  89.6944 

32.1188  35.8103  89.692 

30.1000  33.5587  89.694 

26.4825  59.5257  89.693 

19.8008  22.0758  89.695 

Mean,  89.696,  db  .0009 

Hence,  if  0  =  16,  Bi  =  208.92,  or,  reduced  to  vacuum  standards,  208.90. 

Classen's  paper  was  followed  by  a  long  controversy  between  Schneider 
and  Classen,*  in  which  the  former  upheld  the  essential  accuracy  of  the 
work  done  by  Marignac  and  himself.  Schneider  had  started  out  with 
commercial  bismuth,  and  Classen  found  that  the  commercial  bismuth 
which  he  met  with  was  impure.  Schneider,  by  various  analyses,  showed 
that  other  samples  of  bismuth  were  so  nearly  pure  that  the  common 
modes  of  purification  were  adequate ;  but  Classen  replied  that  the  original 
sample  used  by  Schneider  in  his  atomic  weight  investigation  had  not 
been  reexamined.  Accordingly,  Schneider  published  a  new  series  of 
determinations  t  made  by  the  old  method,  but  with  metal  which  had 
been  scrupulously  purified.     Results  as  follows : 

Bi.  Bifi^,                       Per  cent.  Bi, 

5.0092  5.5868  89.661 

3.6770  4.1016  89.648 

7.2493  8.0854  89.659 

9.2479  10.3142  89.662 

6.0945  6.7979  89.653 

12.1588  13.5610  89.660 

Mean,  89.657,  dr  .0015 

Hence  with  0  =  16,  Bi  =  208.05,  a  confirmation  of  the  earlier  deter- 
minations. 

Although  the  results  so  far  are  not  final,  a  combination  of  the  data 
relative  to  bismuth  oxide  is  not  without  interest. 

1.  Lagcrhjelm 89.865,  db  .o65q 

2.  Schneider,  1851 89.655,  i  .0034 

3.  Marignac 89.682,  dt  .0036 

4.  Lflwe 89.648,  dr  .0040 

5.  Classen 89.696,  d=  .0009 

6.  Schneider,  1894 89.657,  db  .0015 

General  mean 89.681,  dr  .0007 

♦  Journ.  frtr  Prakt.  Chem.  (2),  42,  553  ;  43,  133  :  and  44,  23  and  411. 
t  Journ,  fflr  Prakt.  Chem.  (2),  50,  461.     1894, 
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Omitting  the  first  and  fifth  means,  the  other  data  give  a  general  mean 
percentage  of  89.659,  ±  .0012. 

The  ratios  now  before  us  are  as  follows : 

(I.)  Percentage  of  Bi  in  BijO,,  89.681,  d=  .0007 
(2.)  Bi,0,  :  Bi,(SO,),  :  :  100  :  151.728,  ±  .0099 
13.)  3Ag  :  BiCIj  :  :  100  :  98.003,  =fc  .090 

For  computation  we  have — 

O  =  15.879,  ±  .0003  Ag  =  107. 108,  rh  .0031 

S  =  31.828,  ±  .0015  CI  =  35.^79,  ±  .0048 

Hence,  reducing  the  ratios — 

From  (i) Bi  =  207.003,  ±  .0150 

From  (2) •*  =  206.613,  rb  .0444 

From  (3) "  =  209.370,  db  .2847 

General  mean Bi  =  206.971,  d=  .0142 

If  0  =  16,  Bi  =  208.548. 

Classen's  data  alone  give  Bi  =  207.389,  or,  with  0  =  16,  208.969. 
Omitting  this  set  of  determinations  and  rejecting  Dumas',  the  remaining 
data  give — 

From  Bi,0, Bi  =  206.512,  ±  .0244     ^ 

From  Bi,(SO^), **  ==  206.613,  ±  •0444 

General  mean Bi  =  206.536,  zt  .0214 

If  0  =  16,  this  becomes  Bi  =  208.11 .  Between  this  figure  and  Classen's, 
future  investigation  must  decide.  The  confirmation  afforded  by  the 
sulphate  series  is  in  favor  of  the  lower  value. 
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COLUMBIUM* 

The  atomic  weight  of  this  metal  has  been  determined  by  Rose,  Her- 
mann, Blomstrand,  and  Marignac.  Rosef  analyzed  a  compound  which 
he  supposed  to  be  chloride,  but  which,  according  to  Rammelsbei^,  J  must 
have  been  nearly  pure  oxychloride.  If  it  was  chloride,  then  the  widely 
varying  results  give  approximately  Cb  =  122 ;  if  it  was  oxychloride,  the 
value  becomes  nearly  94.  If  it  was  chloride,  it  was  doubtless  contami- 
nated with  tantalum  compounds. 

Hermann's  §  results  seem  to  have  no  present  value,  and  Blomstrand's  || 
are  far  from  concordant.  The  latter  chemist  studied  columbium  penta- 
chloride  and  sodium  columbate.  In  the  first  case  he  weighed  the  colum- 
bium as  columbium  pentoxide,  and  the  chlorine  as  silver  chloride,  the 
oxide  being  determined  by  several  distinct  processes.  In  some  cases  it 
was  thrown  down  by  water,  in  others  by  sulphuric  acid,  and  in  still 
others  by  sodium  carbonate  or  ammonia  jointly  with  sulphuric  acid.  The 
weights  given  are  as  follows : 

CbCl^.  Cb^O^.  AgCL 

591  .294  

.S085  .401  2.085 

'^iz  .317  

.195  .0974  .500 

.507  .2505  1.302 

.9415  .472  2.454 

.563  .2796  

.9385  .4675  2465 

.4788  .2378  

.408  .204  1.067 

.9065  .45*5  

Hence  the  subjoined  percentages,  and  the  ratios  5AgCl :  CbClj :  :  100 :  x, 
andSAgCl  iCb^O^:  :  100  :  x. 

Per  cent.  Cb^O^,  AgCl :  CbCl^.  AgCl :  Cb^O^. 

49.788  

49.598  38.777  ^9.233 

50.079  ......  

49.949  39.000  19-435 

49.408  38.940  19.240 

50.135  38.366  19.234 

•This  name  has  priority  over  the  more  generally  accepted  "  niobium,"  and  therefore  deserve* 
preference, 
t  Poggend.  Annal.,  104,  439.    1858. 
JPoggcnd.  Annal.,  136,  353.     r869. 
\  Journ.  fQr  Prakt.  Chem.,  68,  73.    1856. 
I  AcU  Univ.  I^und,  1864. 
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49.662 

49-813 

38.073 

18.966 

49.666 

....... 

50.000 

38.238 

19.119 

49.807 

235 


Mean,  49.806,  zt  .045        Mean,  38.566,  db  .108      Mean,  19.205,  zt:  .043 

Prom  these  means  the  atomic  weight  of  columbium  may  be  computed, 
thus: 

From  2GbCl6  :  Chfi^ Cb  =  95-397 

From  CbClj  :  5AgCl **  =  98-477 

From  5  AgCl  :  CbjOg *  *  =  96.933. 

when  0  =  15,879,  Ag  =  107.108,  and  CI  =  35.179. 
•  The  series  upon  sodium  columbate,  which  salt  was  decomposed  with 
sulphuric  acid,  both  Chfi^  and  Na^SO^  being  weighed,  is  too  discordant 
for  discussion.  The  exact  nature  of  the  salt  studied  is  not  clear,  and  the 
data  given,  when  transformed  into  the  ratio  NajSO^ :  CbaOj :  :  100 :  a;,  give 
values  for  x  ranging  from  151.65  to  161.20.  Further  consideration  of  this 
series  would  therefore  be  useless.  It  seems  highly  probable  that  Blom- 
strand's  materials  were  not  entirely  free  from  tantalum,  however,  since 
the  atomic  weight  of  columbium  derived  from  his  analyses  of  the  chloride 
are  evidently  too  high. 

Marignac*  made  about  twenty  analyses  of  the  potassium  fluoxycolum- 
bate,  CbOFs.2KF.H,0.  100  parts  of  this  salt  give, the  following  percent- 
ages : 

CbjOj Extremes  44.15  to  44.60         Mean,  44.36 

K,SO. *•         57.60  "58.05 

H,0 "  5.75  "    5.98 

F "         30.62  "32.22 

From  the  mean  percentage  of  CbAi  Cb  =  92.852.  If  0  =  16,  this 
becomes  93.56. 

From  the  mean  between  the  extremes  given  for  K,SO^,  Cb  =  93.192. 
If  0  =  16,  this  becomes  93.90. 

As  Deville  and  Troost's  t  results  for  the  vapor  density  of  the  chloride 
and  oxychloride  agree  fairly  well  with  Cb  =  94,  we  may  adopt  this  value 
as  approximately  correct.  The  mean  of  the  two  values  computed  from 
Marignac's  data  is  93.022  when  H  =  1,  and  93.73  when  0  =  16. 

♦  Arch.  Sci.  Phys.  Nat.  (a),  23.    1865. 
t  Compt.  Rend.,  56,  891.    X863. 
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TANTALUM. 

The  results  obtained  for  the  atomic  weight  of  this  metal  by  Berzelius  * 
Rose,t  and  Hermann  J  may  be  fairly  left  out  of  account  as  valueless. 
These  chemists  could  not  have  worked  with  pure  preparations,  and  their 
data  are  sufficiently  summed  up  in  Becker's  "  Digest." 

Blomstrand's  determinations,  §  as  in  the  case  of  columbium,  were 
made  upon  the  pentachloride.    His  weights  are  as  follows : 

AgCL 


TaCl^. 

7a,0,. 

.9808 

.598 

1.4262 

.867 

2.5282 

1-5375 

1.0604 

.6455 

2.581 

1.577 

.8767 

.534 

2.906 

5.0105 

2.156 


Hence  the  subjoined  percentages  of  TajOj  from  TaCl^,  and  the  ratios 
5AgCl :  TaCl, :  :  100 :  x,  and  6AgCl :  Ta^O^ :  :  100 :  x. 


cent,  Ta^Oy 

AgCl :  TaCly 

AgCl :  7a,0, 

60.971 

60.791 

49.078 

29.835 

60.814 

50.458 

30685 

60.873 

49.297 

29.940 

60.960 

60.924 

^Mean,  60.889,  ±  0208  49611,  ±  .289  30.153,  dr  .180 

From  these  ratios  we  get  for  the  atomic  weight  of  tantalum : 

From  per  cent.  Ta^Oj Ta  =  172.342 

From  5AgCl  :  TaClg "  =  177.055 

From  5AgCl  :  Ta^Oj **  =  174.821 

These  results  are  too  low.  Probably  Blomstrand's  material  still  con- 
tained some  columbium. 

In  1866  Marignac's  determinations  appeared.||  He  made  four  analyses 
of  a  pure  potassium  fluotantalate,  and  four  more  experiments  upon  the 
ammonium  salt.  The  potassium  compound,  KjTaF^,  was  treated  with 
sulphuric  acid,  and  the  mixture  was  then  evaporated  to  dryness.  The 
potassium  sulphate  was  next  dissolved  out  by  water,  while  the  residue 

*  Poggend.  Annalen,  4, 14.    1825. 

t  Poggcnd.  Annalen,  99,  80.    1856. 

X  Journ.  fQr  Prakt.  Chem.,  70,  193.    1857. 

'i  Acta  Univ.  I^und,  1864. 

I  Arch.  Sci.  Phy«.  Nat.  (2),  a6,  89.     1866. 


TANTALUM.  237 

was  ignited  and  weighed  as  Tei^O^    100  parts  of  the  salt  gav^  the  follow- 
ing quantities  of  Ta^Os  and  K,SO^ : 

56.50  ^                                   44.37 

56.75  44.35 

56.55  4422 

56.56  44.24 

Mean,  56.59,  rfc  .037  Mean,  44.295,  dr  .026 

Prom  these  figures,  100  parts  of  K^SO^  correspond  to  the  subjoined 
quantities  of  TajOj : 

127.338 
127.960 
128.178 
127.848 

Mean,  127.831,  ±  .120 

The  ammonium  salt,  (NHJjTaF,,  ignited  with  sulphuric  acid,  gave 
these  percentages  of  Ta^Oj.  The  figures  are  corrected  for  a  trace  of  KjSO^ 
which  was  always  present : 

63.08 

63.24 

63.27 

63.42 

Mean^  63.25,  ±  .047 
Hence  we  have  four  values  for  Ta : 

From  potassium  salt,  per  cent.  Ta^Oj Ta  =•  182.336 

From  potassium  salt,  per  cent.  K,SO| **   =  180.496 

From  potassium  salt,  K^SO^  :  Ta^Oj '*   =  181.432 

From  ammonium  salt,  per  cent.  Ta^Oj **   =181.559 

Average Ta  =  181.453 

Or,  if  0  =  16,  Ta  =  182.836. 

These  values  are  computed  with  O  =  15.879,  K  =  38.817,  S  =  31.828, 
N  =  13.935,  and  F  =  18.912. 
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CHROMIUM. 


Concerning  the  atomic  weight  of  chromium  there  has  been  much  dis- 
cussion, and  many  experimenters  have  sought  to  establish  the  true 
value.  The  earliest  work  upon  it  having  any  importance  was  that  of 
Berzelius,*  in  1818  and  1826,  which  led  to  results  much  in  excess  of  the 
correct  figure.  His  method  consisted  in  precipitating  a  known  weight 
of  lead  nitrate  with  an  alkaline  chromate  and  weighing  the  lead  chro- 
mate  thus  produced.  The  error  in  his  determination  arose  from  the  fact 
that  lead  chromate,  except  when  thrown  down  frotn  very  dilute  solu- 
tions, carries  with  it  minute  quantities  of  alkaline  salts,  and  so  has  its 
apparent  weight  notably  increased.  When  dilute  solutions  are  used,  a 
trace  of  the  precipitate  remains  dissolved,  and  the  weight  obtained  is  too 
low.     In  neither  case  is  the  method  trustworthy. 

In  1844  Berzelius'  results  were  first  seriously  called  in  question.  The 
figure  for  chromium  deduced  from  his  experiments  was  somewhat  over 
56;  but  Peligotf  now  showed,  by  his  analyses  of  chromous  acetate  and 
of  the  chlorides  of  chromium,  that  the  true  number  was  near  52.5. 
Unfortunately,  Peligot's  work,  although  good,  was  published  with  in- 
sufiicient  details  to  be  useful  here.  For  chromous  acetate  he  gives  the 
percentages  of  carbon  and  hydrogen,  but  not  the  actual  weights  of  salt, 
carbon  dioxide,  and  water  from  which  they  were  calculated.  His  figures 
vary  considerably,  moreover — enough  to  show  that  their  mean  would 
carry  but  little  weight  when  combined  with  the  more  explicit  data  fur- 
nished by  other  chemists. 

Jacquelain's  J  work  we  may  omit  entirely.  He  gives  an  atomic  weight 
for  chromium  which  is  notoriously  too  low  (50.1),  and  prints  none  of  the 
numerical  details  upon  which  his  result  rests.  The  researches  which 
particularly  command  our  attention  are  those  of  Berlin,  Moberg,  I^fort, 
Wildenstein,  Kessler,  Siewert,  Baubigny,  Rawson,  and  Meineke. 

Among  the  papers  upon  the  atomic  weight  under  consideration  that 
by  Berlin  is  one  of  the  most  important.  §  His  starting  point  was  normal 
silver  chromate ;  but  in  one  experiment  the  dichromate  Ag,Cr,0,  was 
used.  These  salts,  which  are  easily  obtaine<l  in  a  perfectly  pure  condi- 
tion, were  reduced  in  a  large  flask  by  means  of  hydrochloric  acid  and 
alcohol.  The  chloride  of  silver  thus  formed  was  washed  by  decantation, 
dried,  fused,  and  weighed  without  transfer.  The  united  washings  were 
supersaturated  with  ammonia,  evaporated  to  dryness,  and  the  residue 
treated  with  hot  water.  The  resulting  chromic  oxide  was  then  collected 
upon  a  filter,  dried,  ignited,  and  weighed.    The  results  were  as  follows : 

*Schweisrg.  Journ.,  22,  53.  and  Poggend.  Annal.,  8,  22. 
tCompt.  Rend.,  19.  609,  and  734 ;  20,  1187  ;  21,  74. 
J  Compt.  Rend.,  24,  679.    1847. 
t  Journ.  ffir  Prakt.  Chcra.,  37,  509,  and  38,  149.    1846. 
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4.6680  grm.  AgjCrO^  gave  4.027  grm.  AgQ  and  r.0754  grm.  Cr,0,. 
3.4568  *'  2.983  «'  ..7960        ** 

2.5060  **  2.1605  "  .5770        ** 

2.»530  *'  1.8555  "  .4945 

4.3335  grm.  Ag,Cr,0,  gave  2.8692  "  i.53«>        ** 

From  these  weighings  three  values  are  calculable  for  the  atomic  weight 
of  chromium.  The  three  ratios  upon  which  these  values  depend  we  will 
consider  separately,  taking  first  that  between  the  chromic  oxide  and  the 
original  silver  salt.  In  the  four  analyses  of  the  normal  chromate  the 
percentages  of  Cr^Os  deducible  from  Berlin's  weighings  are  as  follows : 

23.037 
23.027 
23.025 
22.968 


Mean,  23.014,  d:  .01 1 

And  from  the  single  experiment  with  Ag,Cr,0^  the  percentage  of  Cr,0, 
was  35.306. 

For  the  ratio  between  AgjCrO^  and  AgCl,  putting  the  latter  at  100,  we 
have  for  the  former : 

"5.917 
115.883 
115.992 
116.033 


Mean,  115-956,  rt  .023 

In  the  single  experiment  with  dichromate  100  AgCl  is  formed  from 
151.035  Ag,CrA- 

Finally,  for  the  ratio  between  AgCl  and  Cr,Os,  the  five  experiments  of 
Berlin  give,  for  100  parts  of  the  former,  the  following  quantities  of  the 
latter : 

26.705 

26.685 

26.707 

26.650 

26.662 


*  Mean,  26.682,  ±  .0076 

These  results  will  be  discussed,  in  connection  with  the  work  of  other 
investigators,  at  the  end  of  this  chapter. 

In  1848  the  researches  of  Moberg*  appeared.  His  method  simply 
consisted  in  the  ignition  of  anhydrous  chromic  sulphate  and  of  am- 
monium chrome  alum,  and  the  determination  of  the  amount  of  chromic 

•  Journ.  fQr  Prakt.  Chcm.,  43,  114. 
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oxide  thus  left  as  residue.  In  the  sulphate,  Cr,(SOJ„  the  subjoined  per- 
centages of  Cr,0,  were  found.  The  braces  indicate  two  different  sam- 
ples of  material,  to  which,  however,  we  are  justified  in  ascribing  equal 
value : 


.542  grm.  sulphate 

gave 

.212 

rrm 

.  Cr.O,. 

39.114  per  cent.") 

1.337 

.523 

<« 

39.  "7 

"          f 

.5287 

.207 

i( 

39. « S3 

"    3 

1.033 

.406 

** 

39.303 

(( 

.868 

.341 

U 

Mean 

39.286 

(1 

,  39.  J  946, 

dr.0280 

From  the  alum,  NH^.Cr(S0J,.12B[,0,  we  have  these  percentages  of 
Cr,Oj.  The  first  series  represents  a  salt  long  dried  under  a  bell  jar  at  a 
temperature  of  18°.  The  crystals  taken  were  clear  and  transparent,  but 
may  possibly  have  lost  traces  of  water,*  which  would  tend  to  increase 
the  atomic  weight  found  for  chromium.  In  the  second  series  the  salt  was 
carefully  dried  between  folds  of  filter  paper,  and  results  were  obtained 
quite  near  those  of  Berlin.  Both  of  these  series  are  discussed  together, 
neither  having  remarkable  value : 


1.3185  grm. 

alum  gave 

.213  grm 

.  Cr,0,. 

16.155  P*""  cent 

.7987 

(1 

.129 

•  < 

16.151 

1.0185 

t< 

.1645 

<l 

16.151 

1.0206 

«t 

.1650 

It 

16.167 

.8765 

it 

.1420 

II 

16.201 

.7680 

*< 

.1242 

(1 

16.172 

1.6720 

(( 

.2707 

(1 

16.190 

.5410 

<< 

.0875 

II 

16.174 

1. 2010 

<( 

.1940 

** 

16.153 

I.OOIO 

41 

.1620 

11 

16.184 

.7715 

i( 

.1235 

l( 

16.007 

1.374 

t( 

.2200 

II 

16.012 

Mean,  16.143,  ±.0125 

The  determinations  made  by  Lefortf  are  even  less  valuable  than  those 
by  Moberg,  This  chemist  started  out  from  pure  barium  chromate,  which, 
to  thoroughly  free  it  from  moisture,  had  been  dried  for  several  hours  at 
260°.  The  chromate  was  dissolved  in  pure  nitric  acid,  the  barium  thrown 
down  by  sulphuric  acid,  and  the  precipitate  collected  upon  a  filter,  dried, 
ignited,  and  weighed  in  the  usual  manner.  The  natural  objection  to  the 
process  is  that  traces  of  chromium  may  be  carried  down  with  the  sul- 
phate, thus  increasing  its  weight.  In  fact,  I^efort's  results  are  somewhat 
too  high.  Calculated  from  his  weighings,  100  parts  of  BaSO^  correspond 
to  the  amounts  of  BaCrO^  given  in  the  third  column : 

•  This  objection  is  suggested  by  Berlin  in  a  note  upon  I«erort*s  paper.    Journ.  fQr  Prakt.  Chem., 
71,  191. 
t  Journ.  fflr  Prakt.  Chem.,  51,  a6r.    1850. 
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1.2615  grm. 

BaCrO^ 

gave  1. 1555  grm. 

BaSO^.              109.174 

1.5895 

1.4580 

*                         109.019 

2.3255 

2.1340 

108.974 

3.0390 

2.7855 

*                            109.  lOI 

2.3480 

2.1590 

108.754 

1.4230 

1.3060 

*                         108.708 

«.'975 

1. 1005 

'                         108.814 

3.4580 

3.1690 

*                        109.119 

2.0130 

1.8430 

109.224 

3.5570 

3.2710 

108.744 

1.6470 

1.5060 

109.363 

1.8240 

1.6725 

109.058 

1.6950 

« 

1.5560 

108.933 

2.5960 

2.3870 

*                        108.756 
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Mean,  108.9815,  rh  .0369 

Wildenstein,*  in  1853,  also  made  barium  chromate  the  basis  of  his 
researches.  A  known  weight  of  pui*e  barium  chloride  was  precipitated 
by  a  neutral  alkaline  chromate,  and  the  precipitate  allowed  to  settle  until 
the  supernatant  liquid  was  perfectly  clear.  The  barium  chromate  was 
then  collected  on  a  filter,  washed  with  hot  water,  dried,  gently  ignited, 
and  weighed.  Here  again  arises  the  objection  that  the  precipitate  may 
have  retained  traces  of  alkaline  salts,  and  again  we  find  deduced  an 
atomic  weight  which  is  too  high.  One  hundred  parts  BaCrO^  correspond 
to  BaCl,  as  follows : 

8r.87  81.57 

81.80  81.75 
81.61  81.66 
81.78  81.83 
81.52  81.66 

81.84  81.80 

81.85  81.66 
81.70  '  81.85 
81.68  81.57 

81.54  81.83 
81.66  81.71 

81.55  81.63 

81.81  81.56 

81.86  81.58 
81.54  81.67 
81.68                                                    81  84 


•  Mean,  81.702,  zh  .014 

Next  in  order  we  have  to  consider  two  papers  by  Kessler,  who  em- 
ployed a  peculiar  volumetric  method  entirely  his  own.  In  brief,  he  com- 
pared the  oxidizing  power  of  potassium  dichromate  with  that  of  the 
chlorate,  and  from  his  observations  deduced  the  ratio  between  the  mo- 
lecular weights  of  the  two  salts. 


]6 


t  Journ.  fur  Prakt.  Ctaem.,  59,  27. 
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In  his  earlier  paper*  the  mode  of  procedure  was  about  as  follows: 
The  two  salts,  weighed  out  in  quantities  having  approximate  chemical 
equivalency,  were  placed  in  two  small  flasks,  and  to  each  was  added 
100  cc.  of  a  ferrous  chloride  solution  and  30  cc.  hydrochloric  acid.  The 
ferrous  chloride  was  added  in  trifling  excess,  and,  when  action  ceased, 
the  amount  unoxidized  was  determined  by  titration  with  a  standard  solu- 
tion of  dichromate.  As  in  each  case  the  quantity  of  ferrous  chloride  was 
the  same,  it  became  easy  to  deduce  from  the  data  thus  obtained  the  ratio 
in  question.  I  havi3  reduced  all  of  his  somewhat  complicated  figures  to 
a  simple  common  standard,  and  give  below  the  amount  of  chromate 
equivalent  to  100  of  chlorate : 

120.118 

120.371 

120.138 

120.096 

120.241 

120. 181 


Mean,  120. 191,  d:  .028 

In  his  later  paper  f  Kessler  substituted  arsenic  trioxide  for  the  iron 
solution*.  In  one  series  of  experiments  the  quantity  of  dichromate  needed 
to  oxidize  100  parts  of  the  arsenic  trioxide  was  determined,  and  in  an- 
other the  latter  substance  was  similarly  compared  with  the  chlorate. 
The  subjoined  columns  give  the  quantity  of  each  salt  proportional  to  100 
of  As,0, : 

K^Cr^O,.  KCIO^, 

98.95  4M56 

98.94  41. 1 16 

99.17  4«.20o 

98.98  41.255 

99.08  '  4T.20I 

99.15  41.086 


41.199 

Mean,  99.045,  d=  .028  41. 224 

41. 161 
4M93 
4i.«49 
41.126 


Mean,  41.172,  rh  .009 

Reducing  the  later  series  to  the  standard  of  the  earlier,  the  two  com- 
bine as  follows : 

(1)  2KCIO3  :  KjCr^O^  :  :  ICX)  :  1 20. 191,  i  .028 

(2)  2KCIO3  :  KjCFjO^  :  :  100  :  120.282,  dz  .043 

General  mean 120.216,  ±  .0235 


•  Pofffjend,  Annalen,  95,  208     1855. 
tPoggend.  Annalen,  113.  137.     i86r. 
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Siewert's  determinations,  which  do  not  seem  to  have  attracted  general 
attention,  were  published  in  1861.*  He,  reviewing  Berlin's  work,  found 
that  upon  reducing  silver  chromate  with  hydrochloric  acid  and  alcoliol, 
the  chromic  chloride  solution  always  retained  traces  of  silver  chloride 
dissolved  in  it.  These  could  be  precipitated  by  dilution  with  water ; 
but,  in  Berlin's  process,  they  naturally  came  down  with  the  chromium 
hydroxide,  making  the  weight  of  the  latter  too  high ;  hence  too  large  a 
value  for  the  atomic  weight  of  chromium.  In  order  to  find  a  more  cor- 
rect value  Siewert  resorted  to  the  analysis  of  sublimed,  violet,  chromic 
chloride.  This  salt  he  fused  with  sodium  carbonate  and  a  little  nitre, 
treated  the  fused  mass  with  water,  and  precipitated  from  the  resulting 
solution  the  chlorine  by  silver  nitrate  in  presence  of  nitric  acid.  The 
weight  of  the  silver  chloride  thus  obtained,  estimated  after  the  usual 
manner,  gave  means  for  calculating  the  atomic  weight  of  chromium. 
His  figures,  reduced  to  a  common  standard,  give,  as  proportional  to  100 
parts  of  chloride  of  silver,  the  quantities  of  chromic  chloride  stated  in 
the  third  of  the  subjoined  columns : 


.2367  grm. 

CrCl 

,  gave  .6396  grm 

.  AgCI. 

37.007 

.2946 

.7994 

36.853 

.2593 

.7039 

36.838 

.4935 

"•3395 

36.842 

.5850 

1.5884 

36.830 

.6511 

1.76681 

36.852 

.5503 

1.4939' 

36.836 

Mean,  36.865,  =f:  .0158 

The  first  of  these  figures  varies  so  widely  from  the  others  that  we  are 
justified  in  rejecting  it,  in  which  case  the  mean  becomes  36.842,  dz  .0031. 

Siewert  also  made  two  analyses  of  silver  dichromate  by  the  following 
process.  The  salt,  dried  at  120°,  was  dissolved  in  nitric  acid.  The  silver 
was  then  thrown  down  by  hydrochloric  acid,  and,  in  the  filtrate,  chro- 
mium hydroxide  was  precipitated  by  ammonia.  Reduced  to  a  uniform 
standard,  we  find  from  his  results,  corresponding  to  100  parts  of  AgCl, 
AgjCr^O^  as  in  the  last  column : 

.7866  grm.  AgjOjO,  gave  .52202  AgCl  and  .2764  Cr^O,.  150.684 

1.089  "  .72249      **  .3840      *'  150.729 

Berlin's  single  determination  of  this  ratio  gave  151.035.  Taking  all 
three  values  together  as  one  series,  they  give  a  mean  of  150.816,  ±  .074. 

Siewert's  percentages  of  Cr,Oj  obtained  from  Ag-^Cr^O,  are  as  follows, 
calculated  from  the  above  weighings : 

35.J39 
35.262 


Mean,  35.2005,  rb  .0415 
.'^ 


♦  Zeit.  Gesammt.  Wissenschaftcn,  17,  530. 
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Combining,  as  before,  with  Berlin's  single  result,  giving  the  latter  equal 
weight  with  one  of  these,  we  have  a  general  mean  of  35.236,  dz  .0335. 

For  the  ratio  between  silver  chloride  and  chromic  oxide,  Siewert's  two 
analyses  of  the  dichromate  come  out  as  follows.  For  100  parts  of  AgCl 
we  have  of  Cr^O, : 

52.948 
53»5o 

Mean,  S3.049,  d=  .068 

This  figure,  reduced  to  the  standard  of  Berlin's  work  on  the  mono- 
chromate,  becomes  26.525,  ±  .034.  Berlin's  mean  was  26.682,  ±  .0076. 
The  two  means,  combined,  give  a  general  mean  of  26.676,  dz  .074. 

By  Baubigny  *  we  have  only  three  experiments  upon  the  calcination 
of  anhydrous  chromic  sulphate,  as  follows: 

1.989  grm.  Crj(S04^j  gave  .7715  grm.  Cr,0,.  38.788  per  cent. 

3.958      '  "  «-53S  ••  38.782      *• 

2.6052  **  1.0115  **  38.826      •' 

Mean,  38.799,  ±  .0092 

Moberg  found  for  the  same  ratio  the  percentage  39.195,  ±  .028.  The 
general  mean  of  both  series,  Moberg's  and  Baubigny's,  is  38.838,  ±:  .0087. 

In  Rawson's  workf  ammonium  dichromate  was  the  substance  studied. 
Weighed  quantities  of  this  salt  were  dissolved  in  water,  and  then  reduced 
by  hydrochloric  acid  and  alcohol.  After  evaporation  to  dryness  the  mass 
was  treated  with  water  and  ammonia,  reevaporated,  dried  five  hours  at 
140*,  and  finally  ignited  in  a  muffle.  The  residual  chromic  oxide  was 
bright  green,  and  was  tested  to  verify  its  purity.  The  corrected  weights 
are  as  follows : 

Am^Cr^Oj,  Cr^Oy  Percent.  Cr^Oy 

1.01275  -61134  60.36$ 

1.081 81  .65266  60.330 

1.29430  -78090  60.334 

1. 13966  .68799    '  60.368 

.98778  .59595  60.332 

I.i43»9  .68987  60.346 

Mean,  60.346,  dr  .0046 

Latest  in  time  and  most  elaborate  of  all,  we  come  to  the  determinations 
of  the  atomic  weight  of  chromium  made  by  Meineke,t  who  studied  the 
chromate  and  ammonio-chromate  of  silver,  and  also  the  dichromates  of 
potassium  and  ammonium.  For  the  latter  salt  he  measured  the  same 
ratio  that  Rawson  determined,  but  by  a  different  method.     He  precipi- 

*Compt.  Rend.,  98,  146. 
tjourn.  Chem.  Soc.,  55,  213. 
tAnn.  d.  Chem.,  36t,  539.    1891. 


CHROMIUM.  245 

tated  its  solution  with  mercurous  nitrate,  and  ignited  the  precipitate, 
with  the  subjoined  results.    Vacuum  weights  are  given: 


AmtCr^Oj. 

Cr,0,, 

Percent.  Cr^O^. 

2.0416 

1. 2316 

60.325 

2.1618 

1.3040 

60.320 

2.0823 

1.2562 

' 

60.328 

2.1913 

1. 3221* 

60.335 

2.0970 

1.2656 

60.353 

Mean, 

,  60.332,  ±  .0037 

Rawson  found, 

,  60.346,  db  .0046 

General  mean,  60.337,  ±  .0029 

The  chromate  of  silver,  Ag,Cr04,  and  the  ammonio-chroniate, 
AgjCr04.4NH3,  both  prepared  with  all  necessary  precautions  to  insure 
purity,  were  first  treated  essentially  as  in  Berlin's  experiments,  except 
that  the  traces  of  silver  chloride  held  in  solution  by  the  chromic  chloride 
were  thrown  out  by  sulphuretted  hydrogen,  estimated,  and  their  amount 
added  to  the  main  portion.  Thus  the  chief  error  in  Berlin's  work  was 
avoided.  I  subjoin  the  data  obtained,  with  vacuum  standards,  as  usual. 
All  of  Meineke's  results  are  so  corrected : 


^^^tCrO,, 

AgCL 

0,0,. 

2.7826 

2.4047 

.6384 

3.2627 

2.8199 

.7480 

3.6362 

3.1416 

.8338 

4.6781 

4.0414 

1.0726 

3.2325 

2.7930 

74" 

3.9«37 

3.3805 

.8976 

Hence  we  have  the  following  ratios,  as  in  the 

case 

of  Berlin's  data : 

Percent,  Cr^O^. 

looAgCl '.  Ag^CrO,. 

looAgCl :  Cr^O^. 

22.943 

115.715 

26.548 

22.926 

"5.703 

26.526 

22.931 

115.744 

26.602 

22.928 

H5.754 

26.601 

22.924 

115.736 

26.531 

22.935 

"5773 

.0072 

26.552 

Mean,  22.931,  ±  0019 

Mean,  115.737,  d= 

Mean,  26.560,  rfc  .0093 

Berlin,  23.014,  ±:  .0110 

Berlin,  115.956,  d= 
General  mean,  115.760,  dr 

.0230 
.0069 

General  mean,  22.934,  4=  .0018 

With  the  ammonio-chromate  Meineke  found 

as  follows : 

Ag^CrO,.4NH^, 

AgCl, 

Cr,0,, 

4.1518 

2.9724 

.7904 

4.2601 

3.0592 

.8125 

5.9348 

4.2654 

' 

.I3«7 

•  Calculated  back  from  Meineke's  value  for  Cr,  to  replace  an  evident  misprint  in  the  original. 
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And  the  ratios  become — 


Percent.  Cr^O^. 

looAgCl :  Salt, 

iooAgCl :  rr,<9j. 

19.037 

139.679 

26.591 

19.072 

139.255 

26.559 

19.059 

139. '38 

26.532 

Mean,  19.039,  ±  .0074    Mean,  139.357,  dz  .1109    Mean,  26.561,  i  ,0115 

The  first  of  these  three  analyses  is  rejected  by  Meineke  as  suspicious, 
but  for  the  present  I  shall  allow  it  to  remain.  The  data  in  the  third 
column  may  now  be  combined  with  the  corresponding  figures  from  the 
normal  chromate,  as  found  by  Meineke  and  his  predecessors. 

Berlin 26.682,  ±  .0076 

Siewert,  from  AgjCrjO, 26.525,  dz  .0340 

Meineke,  from  AgjCrO^ 26.560,  dz  .0093 

Meineke,  from  Ag,Cr04.4NH, 26.561,  4::  .01 15 

General  mean 26.620,  ±  .0052 

4AgCl  :  Cr,0,  :  :  too :  26.620,  i  .0052 

Obviously,  this  mean  is  vitiated  by  the  known  error  in  Berlin's  work, 
the  ultimate  effect  of  which  is  yet  to  be  considered. 

In  all  four  of  the  salts  studied  by  Meineke  he  determined  volumetric- 
ally  the  oxygen  in  excess  of  the  normal  oxides  by  measuring  the  amount 
of  iodine  liberated  in  acid  solutions.  With  the  silver  salts  the  process 
was  essentially  as  follows :  A  weighed  quantity  of  the  chromate  was  dis- 
solved in  weak  ammonia,  and  the  solution  was  precipitated  with  potas- 
sium iodide.  After  the  silver  iodide  had  been  filtered  off,  five  or  six 
grammes  of  potassium  iodide  were  added  to  the  filtrate,  which  was  then 
acidulated  with  phosphoric  acid  and  a  little  sulphuric.  The  liberated 
iodine  was  then  titrated  with  sodium  thiosulphate  solution,  which  had 
been  standardized  by  means  of  pure  iodine,  prepared  by  Stas*  method. 
From  the  iodine  thus  measured  the  excessive  oxygen  was  computed,  and 
from  that  datum  the  atomic  weight  of  chromium  was  found.  For  pres- 
ent purposes,  however,  the  data  may  be  used  more  directly,  as  giving  the 
ratios  I3 ;  Ag^CrO^  and  I, :  Ag,Cr0^.4NH,.  Thus  treated,  the  weights  are 
as  follows,  reduced  to  a  vacuum.  Reckoning  the  salt  as  100,  the  third 
column  gives  the  percentage  of  iodine  liberated : 


Ag^CrO,. 

I  Set  Free, 

Percentage. 

.43838 

.50251 

114.628 

.90258 

1.03432 

114.595 

.89858 

1 .02980 

114.603 

.89868 

1.03072 

'14.693 
Mean,  114.630,  d 

:  .015 
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The  next  series,  obviously,  gives  the  ratio  Ij, :  Ag,Cr04.4NH3. 


Ag^CrO,,4NH,, 

.54356 
.54856 
.54926 
.54906 
.54466 
.54536 


I  Set  Free. 

.51784 
.52046 
.52322 
.52376 
.51910 
.51891 


Percentage.* 

95.267 
94.877 
95.258 
95.392 
95.307 
95. '50 

Mean,  95.208,  ±  .0497 


In  dealing  with  the  two  dichromates  Meineke  used  the  acid  potassium 
iodate  in  place  of  potassium  iodide,  the  chromate  and  the  iodate  reacting 
in  the  molecular  ratio  of  2 : 1.  The  thiosulphate  was  standardized  by 
means  of  the  acid  iodate,  so  that  we  have  direct  ratios  between  the  latter 
and  the  two  chromates.  The  data  are  as  follows,  with  the  amount  of 
iodate  proportional  to  one  hundred  parts  of  the  dichromate  in  the  third 
column : 


K^Cr.O,. 
.25090 

.25095 
.25078 
.24979 

.24987 
.24966 
.25015 
.25012 
•24977 
.25034 
.25025 
.25015 


.16609 
.16613 
:  1 6601 

.16541 
.16540 

.16543 
.16559 

.'6559 
.16546 
.16572 
.16567 
.16568 


Percentage. 

66.198 
66.200 
66. 197 
66.220 
66.192 
66.262 
66.196 
66.204 
66.245 
66.198 
66.202 
66.234 


Mean,  66.212,  i  .0044 


Am^Crfi^. 

.21457 
.21465 
.21464 
.21416 

.21447 
.21427 
.22196 
.22194 
.22180 


.16584 
.16588 
.16584 
.«6543 
.16564 
.16559 
.17152 
.1715" 
.»7'39 


Percentage. 

77.290 
77.279 
77.264 
77.246 
77.232 
77.281 
77.272 
77278 
77.272 


Mean,  77.268,  ±:  .0041 


*  These  figrures  are  not  wholly  in  accord  with  the  percentages  of  oxygen  computed  by  Meineke. 
I  suspect  that  there  is  a  misprint  among  his  data  as  published,  probably  in  the  second  experi- 
ment, but  I  cannot  trace  it  with  certainty. 
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The  following  ratios  are  now  available  for  computing  the  atomic  weight 
of  chromium :  * 

(i.)  Percentage  Cr,0,  from  AgjCrO^,  22.954,  ±  .0018 
(2.)  Percentage  Cr^O,  from  Ag,Cr,Oy,  35.236,  rb  .0335 
(3.)  2AgCl :  AgjCrO^  :  :  100  i  1 15. 760,  rfc  .0069 
(4.)  2AgCl  :  Ag,Cr,Oy  :  :  lOO  :  1 50.8 1 6,  dt  .074         \ 
(5.)  4AgCl  :.Cr,0,  :  :  100  :  26.620,  db  .0052 
(6.)  Percentage  Cr,0,  in  Cr,(SOJj,  38.838,  ±  .0087 
(7.)  Percentage  CrjO,  in  AmCr(S04),.i2H,0,  16.143,  =t:  .0125 
(8.)  BaSO^  :  BaCrO^  :  :  100  :  108.9815,  ±  .0369 
(9.)  BaCrO^  :  BaCl,  :  :  100  :  81.702,  di  .014 
(10.)  3AgCl  :  CrClj  :  :  100  :  36.842,  ±  .0031 
(II.)  2KCIO3  :  KjCrjOy  :  :  100  :  X20.216,  dt  .0235 
(12.)   Percentage  Cr^Oj  in  AgjCr04.4NHj,  X9.059,  d=  .0074 
(13  )  2AgCl  :  Ag,Cr0^.4NH5  :  :  100  :  139- 357,  ±  ."09 
(14.)  Percentage  Cr,Oj  in  Am,Cr,Oy,  60.337,  ±  .0029 
(15.)  AgjCrO^  :  3I  :  :  100  :  II4.630,  db  .015 
(16.)  Ag,Cr04.4NH,  :  3I  :  ;  100  :  95.208,  d=  .©497 
(17.)  2K  fir fi^  :  KHIjO,  :  :  100  :  66.212,  ±:  .0044 
(18.)  2Am,Cr,0^  :  KHI,0,  :  :  100  :  77.268,  dr  .0041 

The  antecedent  values  to  use  in  the  reduction  are — 

0  =  15  879,  rh  .ocx)3  s  r=  31.828,  it  .0015 
Ag  =  107.108,  rb. 003 1  •  N  =  13.93s,  dr. 002 1 
CI   =    35.179,  db  .0048  Ba      =  136.392,  rt  .0086 

1  =  125.888,  ±:  .0369  AgCl  =  142.287,  d=  .0037 
K    ^    38.817,  ±.0051 

For  the  molecular  weight  of  Cr^Oj,  seven  values  are  now  calculable,  as 
follows : 

From(i) Cr303=  151.120,  ±  .0130 

From  (2) "  =151.105,41.1636 

From  (5) "  =151.507,42.0299 

From  (6) "  =  151-384,  =fc  .0341 

From  (7) ,  "  =153-756.  ±.1205 

From  (12) "  =  151.478,  d=  .0606 

From  (14) "  =r  151.190,  Ht  .0110 

General  mean   Cr^Oj,  =  151.229,  ±:  .0039 

For  silver  chroinate  there  are  two  values — 

From  (3) Ag^CrO^  =  329.423,  ±  .0195 

From  (15) "        =  329.464.  ifc  .0467 

General  mean Ag^CrG^  =:  329.430,  db  .0180 

And  for  the  animonio-chromate  we  have — 

From  (13) Ag2Cr0^.4NH5  =  396-574,  db  .3'58 

From  (16) "  =  396.673,  ±  .2082 

General  mean Ag,Cr04.4NH3  =  396.647,  ±:  .1738 
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From  (4) Ag,Cr,Oy  =  429177,  ±  2109 

From  (10) CrCI,  =  157.266,  i  .01 13 

From  (18)... Am,Cr,0^  =.250.341,  d:  .0164 

For  the  molecular  weights  of  KjCrjO,  and  BaCrO^  there  are  two  esti- 
mates each,  as  given  below : 

From  (II) K,Cr,0,  =  25f2.433,  ±  .0189 

From  (17) "        =  292. 143,  d:  .0224 

General  mean K.^Cr,07  =  292.31 1,  rb  .0144 

From  (8). : BaCrO^  =  252.549,  zb  .0966 

From  (9) "       =  253.054,  ±:  .0377 

General  mean HaCrO^  =  252.985,  dr  .0351 

Finally,  from  these  molecular  weights,  eight  independent  values  are 
obtained  for  the  atomic  weight  of  chromium  : 

From  CrjO, Cr  =  5 1.796,  d=  .0039 

From  AgjCrO^ "  =  51698,  dz  .0191 

From  AgjCrO^,  4NH, "  =  5'. 175,  ±   1741 

From  AgjCrjO^ .  **=  51904.  =b  .io55 

From  Am,Cr,0^ "=51.659,^.0085 

From  K,Cr,0^ "  =  51.762,  dr  .0102 

From  CrCI, ••  =  51.729,  dr  .0183 

From  BaCrO^ **  =  53.077,  ±:  .0362 

General  mean Cr  =  51.778,  ±.  .0032 

If  0  =  16,  Cr  =  52.172. 

Rejectigig  the  last  of  the  eight  values,  that  from  barium  chromate,  the 
mean  becomes — 

Cr  =  51.767,  d:  .0032. 

Even  this  result  is  probably  too  high,  for  it  includes  ratios  which  are 
certainly  erroneous,  and  which  yet  exert  appreciable  weight.  From  the 
ratios  which  are  reasonably  concordant  a  better  mean  is  derivable,  as 
follows : 

From  (I) Cr=  51.741,  dr. 0065 

From  (2)..    "  =51.734,  d=. 0818 

From  (14) '*  =51.776,  d:  .0055 

From  (3)  and  (15) **  =51.698,  dr  .0191 

From  (4) •'  =5 '.904,  ±.1055 

From  ( 10) "  =51.729,  dr. 01 83 

From  (18) "  =51.659,  dr. 0085 

From  (If)  and  (17) *•  =51.762,  dr  .0102 

General  mean Cr  =  5 1.742,  d:  .0034 

If  0  =  16,  this  becomes  .52.136,  a  value  which  is  ])robably  not  very 
far  from  the  truth. 
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MOLYBDENUM. 

If  we  leave  out  of  account  the  inaccurate  determination  made  by 
Berzelius  *  we  shall  find  that  the  data  for  the  atomic  weight  of  molyb- 
denum lead  to  two  independent  estimates  of  its  value — one  near  92,  the 
other  near  96.  The  earKer  results  found  by  Berlin  and  by  Svanberg  and 
Struve  lead  to  the  lower  number ;  the  more  recent  investigations,  to- 
gether with  considerations  based  upon  the  periodic  law,  point  conclu- 
sively to  the  higher. 

The  earliest  investigation  which  we  need  especially  to  consider  is  that 
of  Svanberg  and  Struve. t  These  chemists  tried  a  variety  of  different 
methods,  but  finally  based  their  conclusions  upon  the  two  following : 
First,  molybdenum  trioxide  was  fused  with  potassium  carbonate,  and 
the  carbon  dioxide  which  was  expelled  was  estimated  ;  secondly,  molyb- 
denum disulphide  was  converted  into  the  trioxide  by  roasting,  and  the 
ratio  between  the  weights  of  the  two  substances  was  determined. 

By  the  first  method  it  was  found  that  100  parts  of  MoO,  will  expel  the 
following  quantities  of  CO, : 

31.4954 

31.3749 

31.4705 

Mean,  31.4469,  ±  .0248 

The  carbon  dioxide  was  determined  simply  from  the  loss  of  weight 
when  the  weighed  quantities  of  trioxide  and  carbonate  were  fused  to- 
gether. It  is  plain  that  if,  under  these  circumstances,  a  little  of  the 
trioxide  should  be  volatilized,  the  total  loss  of  weight  would  b^  slightly 
increased.  A  constant  error  of  this  kind  would  tend  to  bring  out  the 
atomic  weight  of  molybdenum  too  low. 

By  the  second  method,  the  conversion  by  roasting  of  MoS,  into  MoO„ 
Svanberg  and  Struve  obtained  these  results.  Two  samples  of  artificial 
disulphide  were  taken,  A  and  B,  and  yielded  for  each  hundred  parts  the 
following  of  trioxide : 

89.7919  u. 

89.7291  J 

89.6436' 

89.7082 
89.7660  j-B. 
89.7640 
89.8635 . 

Mean,  89.7523.  db  .0176 

Three  other  experiments  in  series  B  gave  divergent  results,  and,  al- 
though published,  are  rejected  by  the  authors  themselves.     Hence  it  is 

•  Pojjgcnd.  Annalen.  8,  i.     1826 

t  Journ.  fQr  Prakt.  Chem.,  44,  301.    1848. 
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not  necessary  to  cite  them  in  this  discussion.  We  again  encounter  in 
these  figures  the  same  source  of  constant^error  which  apparently  vitiates 
the  preceding  series,  namely,  the  possible  volatilization  of  the  trioxide. 
Here,  also,  such  an  error  would  tend  to  reduce  the  atomic  weight  of 
molybdenum. 

From  the  CO,  scries Mo  -=  91.25 

From  the  MoS,  series.    Mo  =  92.49 

Berlin,*  a  little  later  than  Svanberg  and  Struve,  determined  the  atomic 
weight  of  molybdenum  by  igniting  a  molybdate  of  ammonium  and 
weighing  the  residual  MoO,.  Here,  again,  a  loss  of  the  latter  by  vola- 
tilization may  (and  probably  does)  lead  to  too  low  a  result.  The  salt 
used  was  (NH4)4MojO„.3H,0,  and  in  it  these  percentages  of  MoO,  were 
found : 

81.598 

81.612 

81.558 

81.555 

Mean,  81.581,  ±  .0095 

Hence  Mo  =  91.559. 

Until  1859  the  value  92  was  generally  accepted  on  the  basis  of  the  fore- 
going researches,  but  in  this  year  Dumas  t  published  some  figures  tend- 
ing to  sustain  a  higher  number.  He  prepared  molybdenum  trioxide 
by  roasting  the  disulphide,  and  then  reduced  it  to  metal  by  ignition  in 
hydrogen.  At  the  beginning  the  hydrogen  was  allowed  to  act  at  a  com- 
paratively low  temperature,  in  order  to  avoid  volatilization  of  trioxide; 
but  at  the  end  of  the  operation  the  heat  was  raised  sufliiciently  to  insure 
a  complete  reduction.  From  the  weighings  I  calculate  the  percentages 
of  metal  in  MoO, : 


.448  grm. 

MoO, 

gave 

.299  grm.  Mo. 

66.741  per  cent. 

.484 

'3^3 

66.736       " 

.484 

.322 

66.529       '* 

.498 

•332 

66.667       *' 

.559 

.373 

66.726       •* 

.388 

.258 

Mean 

66.495       " 
,  66.649,  dt  .030 

In  1868  the  same  method  was  employed  by  Debray.J  His  trioxide 
was  purified  by  sublimation  in  a  platinum  tube.  His  percentages  are 
as  follows : 

5.514  grm.  MoOj  gave  3.667  grm.  Mo.  66.503  per  cent. 

7.910  "  5.265         "  61.561       •* 

9.031  '•  6.015         •*  66.604       " 

Mean,  66.556,  dr  .020 

•  Journ.  fOr  Prakt.  Chera.,  49,  444.    1850. 
t  Ann.  Chem.  Pharm.,  105,  84,  and  113,  23. 
X  Compt.  Rend.,  66,  734. 
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For  the  same  ratio  we  have  also  a  single  experiment  by  Ramraelsberg,* 
who,  closely  following  Dumas'^inethod,  found  in  molybdenum  trioxide 
66.708  per  cent,  of  metal.  As  this  figure  falls  within  the  limits  of  Dumas' 
series,  we  may  assign  it  equal  weight  with  one  experiment  in  the  latter. 

Debray  also  made  two  experiments  upon  the  precipitation  of  molyb- 
denum trioxide  in  ammoniacal  solution  by  nitrate  of  silver.  In  his  re- 
sults, as  published,  there  is  curious  discrepancy,  which,  I  have  no  doubt, 
is  due  to  a  typographical  error.  These  results  I  am  therefore  compelled 
to  leave  out  of  consideration.  They  could  not,  however,  exert  a  very 
profound  influence  upon  the  final  discussion. 

In  1873,  Ijothar  Meyer  f  discussed  the  analyses  made  by  Liechti  and 
Kemp  X  of  four  chlorides  of  molybdenum,  and  in  the  former  edition  of 
this  work  the  same  data  were  considered  in  detail.  The  analyses,  how- 
ever, were  not  intended  as  determinations  of  atomic  weight,  and  since 
good  determinations  have  been  more  recently  published,  the  work  on 
the  chlorides  will  be  omitted  from  further  consideration.  It  is  enough 
to  state  here  that  they  gave  values  for  Mo  ranging  near  96,  both  above 
and  below  that  number,  with  an  extreme  range  of  over  eight-tenths  of  a 
unit. 

In  1893  the  determinations  by  Smith  and  Maas  appeared,  §  represent- 
ing an  entirely  new  method.  Sodium  molybdate,  purified  by  many  re- 
crystallizations  and  afterwards  dehydrated,  wae  heated  in  a  current  of 
pure,  dry,  gaseous  hydrochloric  acid.  The  compound  M0O3.2HCI  was 
thus  distilled  off,  and  the  sodium  molybdate  was  quantitatively  trans- 
formed into  sodium  chloride.  The  latter  salt  was  afterwards  carefully 
examined,  and  proved  to  be  free  from  molybdenum.  The  data,  with  all 
weights  reduced  to  a  vacuum  standard,  are  subjoined : 


Ta^MoO^. 

NaCl. 

PercenL  NaCL 

I. 14726 

.65087 

56.733 

.89920 

.   .5>o23 

56.743 

.70534 

.40020 

56.739 

.70793 

.40182 

56.760 

1.26347 

.71695 

56.745 

1.15217 

.65367 

56.734 

.90199 

.51188 

56750 

.81692 

.46358 

56.747 

.65098 

.36942 

56.748 

.80563 

.45717 

56.747 

Mean,  56.745,  ±:.ooi7 


In  1895,  Seubert  and  Pollard  ||  determined  the  atomic  weight  of  mo- 


*  Berlin  Monatsbcricht,  1877,  p.  574- 
t  Ann.  Chem.  Pharm.,  169,  365.    1875. 
t  Ann.  Chem.  Pharm.,  169,  344. 
\  Journ.  Amcr.  Chem.  Soc.,  15,  397.    1893. 
p  Zeitsch.  Anorg.  Chem.,  8,  434.    1895. 
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lybdenum  by  two  methods.  First,  the  carefully  purified  trioxide,  in 
weighed  amounts,  was  dissolved  in  an  excess  of  a  standard  solution  of 
caustic  soda.  This  solution  was  standardized  by  means  of  hydrochloric 
acid,  which  in  turn  had  been  standardized  graviraetrically  as  silver 
chloride.  Hence,  indirectly,  the  ratio  2AgCl :  MoOj  was  measured.  Sul- 
phuric acid  and  lime  water  were  also  used  in  the  titrations,  so  that  the 
entire  process  was  rather  complicated.  Ignoring  the  intermediate  data, 
the  end  results,  in  weights  of  MoO,  and  AgClj'were  as  follows.  The  third 
column  gives  the  MoO,  proportional  to  100  parts  of  AgCl : 


MoO^, 

ylgCL 

Ratio, 

3.6002 

7.1709 

50.206 

3.5925 

7.1569 

50.196 

3.73"   . 

7.4304 

50.214 

3.8668 

7.701 1 

50.211 

3.9361 

7.8407 

50.201 

3.8986 

7.7649 

50.208 

39630 

7.8941 

50.202 

3.9554 

7.8806 

50.192 

3.9«47 

7.7999 

•50.189 

3.8543 

7.6767 

50.208 

3.9367 

7.8437 

50.190 

Mean,  50.202,  dr  .0018 

The  second  method  adopted  by  Seubert  and  Pollard  was  the  old  one 
of  reducing  the  trioxide  to  metal  by  heating  in  a  current  of  hydrogen. 
The  weights  and  percentages  of  metal  are  subjoined : 


MoO^. 

Mo. 

Per  cent. 

1.8033 

1.2021 

66.661 

«.9345 

1.1564 

66.670 

3.9413 

2.6275 

66.666 

1.5241 

1. 0160 

66.662 

4.0533 

2.7027 

66.679 
Mean,  66.668, 

This  mean  may  be  combined  with  the  results  of  previous  investigators, 
thus : 

Dumas 66.649,  ±  .0300 

Debray 66.556,  dr  .0200 

Rammelsberg 66.708,  4=  .0680 

Seubert  and  Pollard 66.668,  d=  .0022 

General  mean 66.665,  i  .0022 

Here  the  data  of  Seubert  and  Pollard  alone  exert  any  appreciable 
influence. 
Neglecting  all  determinations  made  previous  to  1869,  there  are  now 
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three  ratios  from  which  to  compute  the  atomic  weight  of  molybdenum, 
viz: 

(I.)  Percentage  Mo  in  MoOj,  66.665,  dr  .0022. 
(2.)  2AgCl  :  MoOj  :  :  100  :  50.202,  ±  .0018 
(3.)  aNaCl  :  MajMoO^  :     56.745,  di  .0017  :  100. 

These  involve  the  following  values  :  - 

O  =  15.879.  ±  .«^3  AgCl  =  142.287,  db  .0037 

Na  =  22.881,  ifc  .0046  NaCl  =    58.060,  ±  .0017 

Hence  for  the  atomic  weight  in  question — 

From  (I) Mo  =  95.267,  dz  .0072  ^ 

From  (2) "  =  95225,  rfc  .0064 

From  (3) "  =95.357,  ±.o>26 

General  mean Mo  =  95.259,  dr  .0345 

With  0  =  16,  Mo  =  95.985. 

This  value  is  essentially  that  derived  from  Seubert  and  Pollard's  data 
alone.  Reducing  the  latter  to  a  vacuum  would  affect  the  result  very 
slightly — so  slightly  that  the  correction  may  be  ignored. 
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TUNGSTEN. 

The  atomic  weight  of  tungsten  has  been  determined  from  analyses  oi 
the  trioxide,  the  hexchloride,  and  the  tungstates  of  iron,  silver,  and 
barium. 

The  composition  of  the  trioxide  has  been  the  subject  of  many  investi- 
gations. Malaguti  *  reduced  this  substance  to  the  blue  oxide,  and  from 
the  diflFerence  between  the  weights  of  the  two  compounds  obtained  a 
result  now  known  to  be  considerably  too  high.  In  general,  however, 
the  method  of  investigation  has  been  to  reduce  WOj  to  W  in  a  stream 
of  hydrogen  at  a  white  heat,  and  afterwards  to  reoxidize  the  metal,  thus 
getting  from  one  sample  of  material  two  results  for  the  percentage  of 
tungsten.  This  method  is  probably  accurate,  provided  that  the  trioxide 
used  be  pure. 

The  first  experiments  which  we  need  consider  are,  as  usual,  those  of 
Berzelius.t  899  parts  WOj  gave,  on  reduction,  716  of  metal.  676  of 
metal,  reoxidized,  gave  846  WO,.  Hence  these  percentages  of  W  in 
WO,: 

79.644,  by  reduction. 
79.905,  by  oxidation. 

Mean,  79.7745,  dz  .0880 

These  figures  are  fer  too  high,  the  error  being  undoubtedly  due  to  the 
presence  of  alkaline  impurity  in  the  trioxide  employed. 

Next  in  order  of  time  comes  the  work  of  Schneider,  J  who  with  char- 
acteristic carefulness,  took  every  precaution  to  get  pure  material.  His 
percentages  of  tungsten  are  as  follows : 

Reduction  Series, 
79.336 
79.254 
79.3 « 2 
79.326 
79.350 


Mean,  79.3»S6 
Oxidation  Series, 

79.329 
79324 
79.328 


Mean,  79.327 
Mean  of  all,  79.320,  dz  .0068 


'  •  Journ.  fQr  Prakt.  Chcm.,  8,  179.    1836. 
t  Poggend.  Annalen,  8,  i.    1826. 
X  Journ.  fQr  Prakt.  Chcm.,  50,  152.    1850. 
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Closely  agreeing  with  these  figures  are  those  of  Marchand,*  published 
in  the  following  year : 

Reduction  Series, 


79.307 
79.302 

Mean, 

79.3045 

Oxidation  Series 

79.32" 

79.352 

Mean, 
Mean  of  all, 

79.3365 
79.3205,  ifc . 

0073 

The  figures  obtained  by  v.  Borch  f  agree  in  mean  tolerably  well  with 
the  foregoing.    They  are  as  follows  : 

Reduction  Series, 

79.310 
79.212 
79.289 

79.3  "3 
79.225 
79.290 
79.302 


Mean,  79.277 

Oxidation  Series, 

79.359 
79.339 


Mean,  79.349 
«Mean  of  all,  79.293,  +  .0108 

Dumas  %  gives  only  a  reduction  series,  based  upon  trioxide  obtained 
by  the  ignition  of  a  pure  ammonium  tungstate.  The  reduction  was 
effected  in  a  porcelain  boat,  platinum  being  objectionable  on  account  of 
the  tendency  of  tungsten  to  alloy  with  it.  Dumas  publishes  only 
weighings,  from  which  Lhave  calculated  the  percentages: 


2.784 

grro. 

WO 

,  gave  2.208 

grm.  W 

79.310  per  cent. 

2.994 

2.373 

79.259       " 

4.600 

3.649 

79.326       •' 

.985 

.781 

79.289       •• 

.917 

.727 

79.280       " 

.917 

.728 

79.389       " 

I.7I7 

T.362 

79.324       " 

2.988 

2.370 

Mean 

79.317       " 

,  79.312,  ±  .009 

•  Ann.  Chem.  Pharm.,  77,  a6r.    1851. 
t  Journ.  fflr  Prakt.  Chem.,  54,  354.    1851. 
t  Ann.  Chem.  Pharm.,  113,  23.    i860. 
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The  data  furnished  by  Bernoulli  *  differ  widely  from  those  just  given. 

This  chemist  undoubtedly  worked  with  impure  material,  the  'trioxide 

having  a  greenish  tinge.    Hence  the  results  are  too  high.    These  are  the 

percentages  of  W : 

Reduction  Series. 

79.556 
79.526 

79.553 
79.558 
79.549 
78.736 

Mean,  79.413 

Oxidation  Series. 

79.558 
79.656 
79.555 
79.554 


Mean,  79.581 
Mean  of  all,  79.480,  rb  .056 

Two  reduction  experiments  by  Persoz  f  give  the  following  results : 

1.7999  B''"*»  wo,  gave  X.4274  grm.  W.  79-304  per  cent. 

2.249  '•  1.784         "  79.324       *' 


Mean,  79.314,  rfc  .007 

Next  in  order  is  the  work  done  by  Roscoe.  %  This  chemist  used  a 
porcelain  boat  and  tube,  and  made  six  weighings,  after  successive  reduc- 
tions and  oxidations,  with  the  same  sample  of  7.884  grammes  of  trioxide. 
These  weighings  give  me  the  following  five  percentages,  which,  for^[the 
sake  of  uniformity  with  foregoing  series,  I  have  classified  under  the 
usual,  separate  headings : 

Reduction  Series, 

79.196 

79.285 

79308 


Mean,  79.263 

Oxidation  Series. 

79.230 
79299 


Mean,  79.2645 
Mean  of  all,  79.264,  zb  .0146 


*'Po^gend.  Annalen,  iii,  573.    i860. 
1  Zeit.  Anal.  Chem.,  3,  260.    1864. 
t  Ann.  Chem.  Pharm.,  163, 368.    1873. 
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In  Waddells  experiments*  especial  precautions  were  taken  to  pro- 
cure tungstic  oxide  free  from  silica  and  molybdenum.  Such  oxide, 
elaborately  purified,  was  reduced  in  hydrogen,  with  the  following  results : 


1.4006  grm.  V 

Vi\  gave 

1.1115  w. 

79.359  per  cent 

.9900 

«i 

.7855  " 

79.343   *' 

I  1479 

(1 

.9110  '* 

79.362   " 

.9894 

<t 

.7847  •' 

79.3««   " 

4.5<^J9 

*' 

3.6201  *' 

79.320   " 

79.339,  ±  .0069 

The  investigation  by  Pennington  and  Smith  t  started  from  the  auj)- 
position  that  the  tungsten  compounds  studied  by  their  predecessors  had 
not  been  completely  freed  from  molybdenum.  Accordingly,  tungstic 
oxide,  carefully  freed  from  all  other  impurities,  was  heated  in  a  stream 
of  giiseous  hydrochloric  acid,  so  as  to  volatilize  all  molybdenum  as  the 
compound  MoOs.2HCl.  The  residual  WO,,  was  then  reduced  in  pure 
hydrogen,  and  the  tungsten  so  obtained  was>  oxidized  in  porcelain 
crucibles.  Care  was  taken  to  exclude  reducing  gases,  and  the  trioxide 
was  finally  cooled  in  vacuum  desiccators  over  sulphuric  acid.  The  oxida- 
tion data  are  as  follows,  with  the  usual  percentage  column  added.  The 
weights  are  reduced  to  a  vacuum  : 


Tungsten, 

Oxygen  Gained. 

Percentag 

.862871 

.223952 

79-394 

.650700 

.168900 

79-392. 

.597654 

.«55M3 

79.390 

.666820  . 

.I73>03 

79.391 

.428228 

.111168 

79.390 

.671920 

.174406 

79.392 

. 590220 

.i53»93 

79.394 

.568654 

.147588 

79.394 

1.080973 

.280600 

79.392 

Mean,  79-392, 

.0004 

With  0  =  16,  this  series  gives  W  =  184.92. 

The  very  high  value  for  tungsten  found  by  Pennington  and  Smith, 
nearly  a  unit  higher  than  that  which  was  commonly  accepted,  seems  to 
have  at  once  attracted  the  attention  of  Schneider, J  who  criticised  the 
paper  somewhat  fully,  and  gave  some  new  determinations  of  his  own. 
The  tungsten  trioxide  employed  in  this  new  investigation  was  heated  in 
g^aseous  hydrochloric  acid,  and  the  absence  of  molybdenum  was  proved. 
The  data  obtained,  both  by  reduction  and  by  oxidation,  are  as  follows: 

•Am.  Chem.  Journ.,  8,  280.    1886. 

t  Read  before  the  Amer.  Philos.  Soc.,  Nov.  2,  1894. 

\  Journ.  fur  Prakt.  Chem.  (2),  53.  388.    1896. 
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Reduction  Series, 

2.0738  grm.  WOj  gave  1.6450  W.  79' 323  per  cent 

4.0853  "  3-2400  ••  79'309       " 

6.1547  "  4.88"   '•  79.307       " 

Oxidation  Series. 

1.5253  gnn.  W  gave  1.9232  WO,.  79.3^'  per  cent. 

3.1938  "  4.0273     "  79.304       " 

4.7468  **  5.9848     "  79.314       " 

Mean  of  all,  79.311,  =fc  .0018 

Hence  with  O  =  16,  W  =  184.007. 

In  order  to  account  for  the  difference  between  this  result  and  that  of 
Pennington  and  Smith,  an  impurity  of  molybdenum  trioxide  amounting 
to  about  one  per  cent,  would  be  necessary.  Schneider  suggests  that  the 
quantities  of  material  used  by  Pennington  and  Smith  were  too  small,  and 
that  there  may  have  been  mechanical  loss  of  small  particles  during  the 
long  heatings.  Such  losses  would  tend  to  raise  the  atomic  weight  com- 
puted from  the  experiments.  On  the  other  hand,  the  losses  could  hardly 
have  been  uniform  in  extent,  and  the  extremely  low  probable  error  of 
Pennington  and  Smith's  series  renders  Schneider  s  supposition  improb- 
able.   The  error,  if  error  exists,  must  be  accounted  for  otherwise. 

Since  Schneider's  paper  appeared,  another  set  of  determinations  by 
Shinn  *  has  been  published  from  Smith's  laboratory.  Attempts  to  verify 
the  results  obtained  by  Smith  and  Desi  having  proved  abortive,  and  other 
experiments  having  failed,  Shinn  resorted  to  the  oxidation  method  and 
gives  the  subjoined  data.    The  percentage  column  is  added  by  myself: 

.22297  grm.  W  gave  .28090  WOg.  79-377 

.17200  "  .21664    **  79.394 

.10989  "  .13844    "  79.377 

.10005  *'  .12598    "  79.4<7 

Mean,  79.391,  ±  .0066 

This  figure  is  very  close  to  that  found  in  Pennington  and  Smith's  series, 
and  therefore  serves  as  a  confirmation.  The  discordance  between  these 
results  and  Schneider's  is  still  to  be  explained. 

There  are  still  other  experiments  by  Riche,t  which  I  have  not  been 
able  to  get  in  detail.  They  cannot  be  of  any  value,  however,  for  they 
give  to  tungsten  an  atomic  weight  of  about  ten  units  too  low.  We  may 
therefore  neglect  this  series,  and  go  on  to  combine  the  others : 

Berzelius 79.7745,  ±:  .0880 

•        Schneider,  1850    79.320,    d=  .0068 

Marchand 793205,  rt  .0073 

V.  Borch 79.293,    d:  .0108 

Dumas 79.3»2,    ib  .0090 

•  Doctoral  thesis.,  University  of  Pennsylvania,  1896.    **  The  atomic  mass  of  tungsten." 
t  Journ.  far  Prakt.  Chem..  69,  10.    1857. 
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Beraoulli 79480,  db  .0560 

Persoz 79'3I4,  ±  .0070 

Roscoe 79.264,  db  .0146 

Waddell 79-539»  it  .0069 

Pennington  and  Smith 79-392,  ±  .ocx)4 

Schneider,  1896 79-3«  i,  dt  .0018 

Shinn 79.39' »  ±.0066 

General  mean 79- 388,    ±:  .cx)039 

Here  the  work  of  Pennington  and  Smith  vastly  outweighs  everything 
else;  and  if  their  supposition  as  to  the  presence  of  molybdenum  in  all 
the  previous  investigations  is  correct,  this  result  is  to  be  accepted. 

The  rejection  of  the  figures  given  by  Berzelius  and  by  Bernoulli  would 
exert  an  unimportant  influence  upon  the  final  result.  There  is,  there- 
fore, no  practical  objection  to  retaining  them  in  the  discussion. 

In  1861  Scheibler*  deduced  the  atomic  weight  of  tungsten  from 
analyses  of  barium  metatungstate,  Ba0.4W03.9H,0.  In  four  experi- 
ments he  estimated  the  barium  as  sulphate,  getting  closely  concordant 
results,  which  were,  however,  very  far  too  low.  These,  therefore,  are  re- 
jected. But  from  the  percentage  of  water  in  the  salt  a  better  result  was 
attained.    The  percentages  of  water  are  as  follows :' 

13.053  ' 

13.054 

13.045 

13.010 

13.022 

Mean,  13.0368,  db  .0060 

The  work  of  Zettnow,t  published  in  1867,  was  somewhat  more  com- 
plicated than  any  of  the  foresjoing  researches.  He  prepared  the  pure 
tungstates  of  silver  and  of  iron,  and  from  their  composition  determined 
the  atomic  weight  of  tungsten. 

In  the  case  of  the  iron  salt  the  method  of  working  was  this :  The 
pure,  artificial  FeWO^  was  fused  with  sodium  carbonate,  the  resulting 
sodium  tungstate  was  extracted  by  water,  and  the  thoroughly  washed, 
residual  ferric  oxide  was  dissolved  in  hydrochloric  acid.  This  solution 
was  then  reduced  by  zinc,  and  titrated  for  iron  with  potassium  perman- 
ganate. Corrections  were  applied  for  the  drop  in  excess  of  perman- 
ganate needed  to  produce  distinct  reddening,  and  for  the  iron  contained 
in  the  zinc.  11.956  grammes  of  the  latter  metal  contained  iron  corre- 
sponding to  0.6  cc.  of  the  standard  solution.  The  permanganate  was 
standardized  by  comparison  with  pure  ammonium-ferrous  sulphate, 
Am,Fe(SO0.^.6H2O,  so  that,  in  point  of  fact,  Zettnow  establishes  directly 
only  the  ratio  between  that  salt  and  the  ferrous  tungstate.  From  Zett 
now's  four  experiments  in  standardizing  I  find  that  1  cc.  of  his  solution 

•  Journ.  fur  Prakt.  Chem.,  83,  324. 
t  Poggend.  Annalen,  130,  30. 
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corresponds  to  0.0365457  gramme  of  the  double  sulphate,  with  a  prob- 
able error  of  db  .0000012. 

Three  sets  of  titrations  were  made.  In  the  first  a  quantity  of  ferrous 
tungstate  was  treated  according  to  the  process  given  above ;  the  iron 
solution  was  diluted  to  500  cc,  and  four  titrations  made  upon  100  cc.  at 
a  time.  The  second  set  was  like  the  first,  except  that  three  titrations 
were  made  with  100  cc.  each,  and  a  fourth  upon  150  cc.  In  the  third 
set  the  iron  solution  was  diluted  to  300  cc,  and  only  two  titrations  upon 
100  cc.  each  were  made.  In  sets  one  and  two  thirty  grammes  of  zinc 
were  used  for  the  reduction  of  each,  while  in  number  three  but  twenty 
grammes  were  taken.  Zettnow's  figures,  as  given  by  him,  are  quite  com- 
plicated; therefore  I  have  reduced  them  to  a  common  standard.  After 
applying  all  corrections  the  following  quantities  of  tungstate,  in  grammes, 
correspond  to  1  cc.  of  permanganate  solution  : 


First  set. 


Second  set. 


.028301 

.028291 

.028311 

.028301 

.028367 ' 

.028368 

.028367 

.028367^ 

.028438 1  ^^hird  set. 
.028438  i 

Mean,  .0283549,  db  .0000115 

With  the  silver  tungstate,  Ag^WO^,  Zettnow  employed  two  methods. 
In  two  experiments  the  substance  was  decomposed  by  nitric  acid,  and 
the  silver  thus  taken  into  solution  was  titrated  with  standard  sodium 
chloride.  In  three  others  the  tungstate  was  treated  directly  with  com- 
mon salt,  and  the  residual  silver  chloride  collected  and  weighed.  Here 
again,  on  account  of  some  complexity  in  Zettnow's  figures,  I  am  com- 
pelled to  reduce  his  data  to  a  common  standard.  To  100  parts  of  AgCl 
the  following  quantities  of  Ag,W04  correspond : 

By  First  Method. 
161.665 
161.603 

Mean,  161.634,  dr  .021 

By  Second  Method, 
161.687 
161. 651 
161. 613 


Mean,  161.650,  rt  .014 
General  mean  from  both  series,  161.645,  =h  .012 
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For  tungsten  hexchloride  we  have  two  analyses  by  Roscoe,  published 
in  the  same  paper  with  his  results  upon  the  trioxide.  In  one  experi- 
ment the  chlorine  was  determined  as  AgCl ;  in  the  other  the  chloride 
was  reduced  by  hydrogen,  and  the  residual  tungsten  estimated.  By 
bringing  both  results  into  one  form  of  expression  we  have  for  the  per- 
centage of  chlorine  in  WCl^ :  * 

53.588 
53.632 


Mean,  53.610,  zt  .015 

The  work  done  by  Smith  and  Desi  f  probably  ought  to  be  considered 
in  connection  with  that  of  Pennington  and  Smith  on  the  trioxide. 
Smith  and  Desi  started  with  tungsten  trioxide,  freed  from  molybdenum 
by  means  of  gaseous  hydrochloric  acid.  This  material  was  reduced  in 
a  stream  of  carefully  purified  hydrogen,  and  the  water  formed  was  col- 
lected in  a  calcium  chloride  tube  and  weighed.  To  the  results  found  I 
add  the  percentage  of  water  obtained  from  100  parte  of  WO,.  Vacuum 
weights  are  given. 


H^O^. 

Hfi. 

Per  cent,  Hfi, 

.983024 

.22834 

23.228 

.998424 

.23189 

23.226 

1.008074 

.23409 

23.221 

.911974 

.21184 

23.229 

.997974 

.23179 

23.226 

1.007024 

.23389 

23.226 

Mean,  23.226,  zb  .0008 

There  are  now  six  ratios  from  which  to  calculate  the  atomic  weight  of 
tungsten : 

(I.)  Percentage  of  W  in  WO3,  79.388,  ±  .00039 

(2.)  Percentage  of  HjO  in  Ba0.4W05.9H,0,  13.0368,  rfc  .0060 

(3.)  WO3  :  3H,0  :  :  100  :  23.226,  ±  .0008 

(4.)  Am,Fe(SOJ,.6H,0  :  FeWO^  :  :  .0365457,  d:  .0000012  :  .0283549,  rfc  .0000115 

(5.)  2AgCl  :  AgjWO^  :  :  100  :  161.645,  d=  .012 

(6.)  Percentage  of  CI  in  WCIj,  53.610,  ±  .015 

These  are  reduced  with — 

O  =   15.879,  lb  .0003  S       —  31.828,^.0015 

Ag  =  107. 108,  db  .0031  Ba      =  136.392,  lb  .0086 

CI  =   35.179.^.0048  Fe      =   55-597,  db. 0023 

N   =    13.93s,  lb  .0021  AgCl  ==  142.287,  -±1 .0037 


*  The  actual  figures  are  as  follows : 

19.5700  gnu.  WCle  gave  ^'^.^\^^  grm.  AgCl. 

10.4.^2^  **  4.8374  grm.  tungsten, 

t  Read  before  Amer.  Philos.  Soc.,  Xov.  2,  1894. 
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Hence  there  are  six  values  for  the  atomic  weight  of  tungsten,  as  follows : 

From  (i) W  =  183.485,  zfc  .0051' 

From  (2) "  =  182.638,  ±  .  1248 

From  (3) «*  =r  183  298,  ±  .0088 

From  (4) '•  =  183.055,  ±  .1229 

From  (5) "  =  182.268,  ±:  .0663 

FVom  (6) '*  =  182.647,  ±  .0820 

General  mean W  =  183.429,  ±  .0044 

If  O  =  16,  W  =  184.827.  The  rejection  of  all  values  except  the  first 
and  third  raises  the  mean  by  0.009 ;  that  is,  four  of  the  ratios  count  for 
almost  nothing,  and  the  work  done  in  Smith's  laboratory  dominates  all 
the  rest.  The  questions  raised  by  Schneider  in  his  latest  determination, 
however,  are  not  yet  answered,  and  farther  investigation  is  required  in 
order  to  fully  establish  the  true  atomic  weight  of  tungsten. 


URANIUM. 

The  earlier  attempts  to  determine  the  atomic  weight  of  uranium  were 
all  vitiated  by  the  erroneous  supposition  that  the  uranous  oxide  was 
really  the  metal.  The  supposition,  of  course,  does  not  affect  the  weigh- 
ings and  analytical  data  which  were  obtained,  although  these,  from  their 
discordance  with  each  other  and  with  later  and  better  results,  have  now 
only  a  historical  value. 

For  present  purposes  the  determinations  made  by  Berzelius,*  by  Arf- 
vedson,t  and  by  Marchand  J  may  be  left  quite  out  of  account.  Berzelius 
employed  various  methods,  while  the  others  relied  upon  estimating  the 
percentage  of  oxygen  lost  upon  the  reduction  of  U^Og  to  UO^.  Rammels- 
berg's  §  results  also,  although  very  suggestive,  need  no  full  discussion. 
He  analyzed  the  green  chloride,  UCl^;  effected  the  synthesis  of  uranyl 
sulphate  from  uranous  oxide;  determined  the  amount  of  residue  left 
upon  the  ignition  of  the  sodio  and  bario-uranic  acetates;  estimated  the 
quantity  of  magnesium  uranate  formed  from  a  known  weight  of  UO,, 
and  attempted  also  to  fix  the  ratio  between  the  green  and  the  black 
oxides.  His  figures  vary  so  widely  thafc  they  could  count  for  little  yi 
the  establishing  of  any  general  mean ;  and,  moreover,  they  lead  to  esti- 
mates of  the  atomic  weight  which  are  mostly  below  the  true  value.  For 
instance,  twelve  lots  of  UgOg  from  several  diff'erent  sources  were  reduced 
to  UOj  by  heating  in  hydrogen.  The  percentages  of  loss  varied  from  3.83 
to  4.67,  the  mean  being  4.121.     These  figures  give  values  for  the  atomic 

•  Schwclgg.  Journ.,  22.  336.    i8ift.    Pofrgend.  Aiinalen,  i,  359.    1825. 
tPosrgend.  Annalen,  i,  245.    Berz.  Jahr.,  3,  120.     1822. 
I  Journ.  fflr  Prakt.  Chem..  23,  497.     1841. 

i  Poggend.  Annalen,  55,  318,  1842  ;  56,  125,  1842 ;  59.  9, 1843 ;  66.  9' •  1845.  Journ.  fur  Prakt.  Chem. , 
99,  324. 
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weight  of  uranium  ranging  from  184.33  to  234.05,  or,  in  mean,  214.53. 
Sucli  discordance  is  due  partly  to  impurity  in  some  of  the  material 
studied,  and  illustrates  the  difficulties  inherent  in  the  problem  to  be 
solved.  Some  of  the  uranoso-urariic  oxide  was  prepared  by  calcining  the 
oxalate,  and  retained  an  admixture  of  carbon.  Many  such  points  were 
worked  up  by  Rammelsberg  with  much  care,  so  that  his  papers  should 
be  scrupulously  studied  by  any  chemist  who  contemplates  a  redetermi- 
nation of  the  atomic  weight  of  uranium. 

In  1841  and  1842  Peligot  published  certain  papers*  showing  that  the 
atomic  weight  of  uranium  must  be  somewhere  near  240.  A  few  years 
qater  the  same  chemist  published  fuller  data  concerning  the  constant  in 
luestion,  but  in  the  time  intervening  between  his  earlier  and  his  final 
researches  other  determinations  were  made  by  Ebelmen  and  by  Wer- 
theim.  These  investigations  we  may  properly  discuss  in  chronological 
order.  For  present  purposes  the  early  work  of  Peligot  may  be  dismissed 
as  only  preliminary  in  character.  It  showed  that  what  had  been  pre- 
viously regarded  as  metallic  uranium  was  in  reality  an  oxide,  but  gave 
figures  for  the  atomic  weight  of  the  metal  which  were  merely  approxi- 
mations. 

Ebelmen 'st  determinations  of  the  atomic  weight  of  uranium  were 
based  upon  analyses  of  uranic  oxalate.  This  salt  was  dried  at  100**, 
and  then,  in  weighed  amount,  ignited  in  hydrogen.  The  residual  ura- 
nous  oxide  was  weighed,  and  in  some  cases  converted  into  UjOg  by  heating 
in  oxygen.    The  following  weights  are  reduced  to  a  vacuum  standard: 

10.1644  grm.  oxalate  gave  7.2939  grm.  UO,. 

12.9985  '•  9.33'2  *'             Gain  on  oxidation,  .3685 

11.8007  "  8.4690  *'                            "                .3275 

9.9923  •*  7.«73i  "                            "               -2812 

11.0887  "  7.9610  •*                            '•                .3105 

10.0830  *•  7-2389  *• 

6.7940  **  4.8766  ** 

16.0594  "  11.5290  **                           "               .453' 

Reducinj:!;  these  figures  to  percentages,  we  may  present  the  results  in 
two  columns.     Column  A  gives  the  percentages  of  UO,  in  the  oxalate, 
while  B  represents  the  amount  of  UjO,  formed  from  100  parts  of  UO, : 
^.  B. 

^  71.924  

71.787  103.949 

71. 767  103.867  ' 

71.621  103.920 

71.794  103.900 

71793  

71.778  

71.790  103930 

Mean,  71.782,  dr  .OIQ  Mean,  I03.9r3,  ±  .009 

♦Compt.  Rend.,  12,  735.    1841.    Ann.  Chira.  Phys.  (3),  55.     1842. 
t  Journ.  fftr  Praki.  Chera.,  27,  385.    1842. 
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Wertheim's*  experiments  were  even  simpler  in  character  than  those 
of  Ebelmen.  Sodio-uranic  acetate,  carefully  dried  at  200°,  was  ignited, 
leaving  the  following  percentages  of  sodium  uranate : 

67.51508 

67.54558 
67.50927 

Mean,  67.52331,  ±  .0076 

The  final  results  of  Peligot's  f  investigations  appeared  in  1846.  Both 
the  oxalate  and  the  acetate  of  uranium  were  studied  and  subjected  to 
combustion  analysis.  The  oxalate  was  scrupulously  purified  by  repeated 
crystallizations,  and  thirteen  analyses,  representing  different  fractions, 
were  made.  Seven  of  these  gave  imperfect  results,  due  to  incomplete 
purification  of  the  material ;  six  only,  from  the  later  crystallizations, 
need  to  be  considered.  In  these  the  uranium  was  weighed  as  UjOg,  and 
the  carbon  as  CO,.  From  the  ratio  between  the  CO,  and  UjOg  the  atomic 
weight  of  uranium  may  be  calculated  without  involving  any  error  due 
to  traces  of  moisture  possibly  present  in  the  oxalate.  I  subjoin  Peligot's 
weighings,  and  give,  in  the  third  column,  the  UjOg  proportional  to  100 
parts  of  CO, : 


COr 

c/,o,. 

Ratio, 

1.456  grm. 

4,649  grm. 

319.299 

1.369     •• 

4.412     •• 

322.279 

2.209     *' 

7.084     ** 

320.688 

1.019     " 

3.279     " 

321.786 

1.069     " 

3.447     " 

322.461 

1.052     " 

3.389     " 

322.148 

Mean,  321.443, 

.338 

Prom  the  acetate,  UO,(C,H30,),.2H,0,  the  following  percentages  of 
UjOg  were  obtained : 

5.061  grm.  acetate  gave  3.354  grm.  UjOg.  66.2715  per  cent. 

4.601               "               3.057         **  66.4421       ** 

1.869               "               1.238         ••  66.2386       " 

3.817               "               2.541          '*  66.5706      " 

10.182               "               6.757          **  66.3622       " 

4.393               "               2.920         '*  66.4694      " 

2.868               "               1.897         •*  66.1437      .** 


Mean,  66.3569,  ±  .038 

The  acetate  also  yielded  the  subjoined  percentages  of  carbon  and  of 
water.     Assu  ming  that  the  figures  for  carbon  were  calculated  from  known 

"  •  Journ.  fiir  Prakt.  Chem.,  29,  209.    1843. 
fCompt.  Rend.,  22,  487.     1846. 
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weights  of  dioxide,  with  C  =  12  aad  0  =  16, 1  have  added  a  third  column, 
in  which  the  carbon  percentages  are  converted  into  percentages  of  CO, : 

21.60  11.27  41.323 

21.16  11.30  41-433 

21.10  11.30  41.433 

21. 20  II.  10  40.700 

Mean,  21.265,  d=  .187       Mean,  11.24  Mean,  41.222,  d=  .092 

Prom  these  data  we  get  the  following  values  for  the  molecular  weight 
of  uranyl  acetate : 

From  percentage  of  UjOj 423.183,  ±    .4781 

From  percentage  of  CO, 423.842,  ±    .9462 

From  percentage  of  H,0 420.386,  ±  2,9033 

General  mean 423.257,  ±:    .4222 

In  the  posthumous  paper  of  Zimmermann,  edited  by  Kriiss  and  Alibe- 
goflF*  the  atomic  weight  of  uranium  is  determined  by  two  methods. 
First,  U0„  prepared  by  several  methods,  is  converted  into  UjOg  by  heat- 
ing in  oxygen.  To  begin  with,  UjO^  was  prepared,  and  reduced  to  UO, 
by  ignition  in  hydrogen.  When  the  reduction  takes  place  at  moderate 
temperatures,  the  UO,  is  somewhat  pyrophoric,  but  if  the  operation  is 
performed  over  the  blast  lamp  this  difficulty  is  avoided.  After  weighing 
the  U0„  the  oxidation  is  effected,  and  the  gain  in  weight  observed.  The 
preliminary  UjO.  was  derived  from  the  following  sources :  A,  from  ura- 
nium tetroxide ;  B,  from  the  oxalate ;  C,  from  uranyl  nitrate ;  D,  by 
precipitation  with  mercuric  oxide.  The  full  data,  lettered  as  indicated 
above,  are  subjoined : 

UO^.  U^O^.  Per  cent,  of  Gain. 

8.9363  9.2872  3.927 

A.  -{    7.9659  8.2789  3.929 

.12.4385  12.9270  3.927 

12.8855  I3.39'3  3.925 

5.7089  5-933'  3.927 

9.6270  10.0051  3.928 

f  13.1855  13.7036  3.929 

(    9.9973  10.3901  3.929 

15.8996  16.5242  3.928 

.4326  7.7245  3.927 


(  15.J 


Mean,  3.9276,  ±  .0003 
Ebelmcn  found,  3.913,    db  .009 


General  mean,  3.9276,  ±  .0003 
In  short,  Ebelinen's  mean  vanishes  when  combined  with    Zimmer- 


mann's. 

•  Ann.  d.  Chcm.,  332,  299.    1886. 
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Zimmermann's  second  method  was  essentially  that  of  Wertheim, 
namely,  the  ignition  of  the  double  acetate  UOjCCjHjOOrNaCjHjO,,  the 
residue  being  sodium  uranate,  Na,U,0,. 

Double  Acetate.  Uranate,  Percent,  Uranate, 

4.272984  2.886696  67.557 

5.272094  3-560770  67.540 

2.912283  1.967428  67.556 

3.«8i57i  2.149J09  67.555 

Mean,  67.552,  rfc  .0027 
Werthcim  found,  67.523,  rfc  .0076 

General  mean,  67.549,  d=  .0025 

All  the  data  for  uranium  now  sum  up  thus : 

(i.)  Per  cent.  UO,  from  uranyl  oxalate,  71.782,  d=  .019 

(2.)  6CO,  :  UjOg  :  :  100  :  321-443.  ±  .338 

(3.)  Molecular  weight  of  uranyl  acetate,  423.842,  =b  .4222 

(4.)  3UO,  :  UjOg  :  :  100  :  I03.9276,  ±  .0003 

(5.)  Per  cent.  Na,U,0^  from  U0,.Na(C,H30,)„  67.549,  d=  .0025 

Computing  with  0  =  15.879,  db  .0003 ;  C  =  11.920,  ib  .0004,  and  Na  = 
22.881,  di  .0046,  we  have— 

From  (I) U  =  235.948,  ±  .1938 

From  (2) **  =  238.462,  db  .2953 

From  (3) ,...."=  238.541,  d=  .4223 

From  (4) "  =  237.770,  =h  .0055 

From  (5) **  =  237.902,  ±.  .0283 

General  mean U  =  237.774,  ±  .0054 

If  0  =  16,  U  =  239.586. 

In  this  case  Zimmermann's  data  control  the  final  result.  All  the  other 
determinations  might  be  rejected  without  appreciable  effect. 
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SELENIUM. 

The  atomic  weight  of  this  element  was  first  determined  by  Berzelius,* 
who,  saturating  100  parts  of  selenium  with  chlorine,  found  that  179  of 
chloride  were  produced.  Further  on  these  figures  will  be  combined  with 
similar  results  by  Dumas. 

We  may  omit,  as  unimportant  for  present  purposes,  the  analyses  of 
alkaline  selenates  made  by  Mitscherlich  and  Nitzsch.f  and  pass  on  to 
the  experiments  published  by  Sacc  J  in  1847.  This  chemist  resorted  to 
a  variety  of  methods,  some  of  which  gave  good  results,  while  others  were 
unsatisfactory.  First,  he  sought  to  establish  the  exact  composition  of 
SeOj,  both  by  synthesis  and  by  analysis.  The  former  plan,  according  to 
which  he  oxidized  pure  selenium  by  nitric  acid,  gave  poor  results ;  better 
figures  were  obtained  upon  reducing  SeO,  with  ammonium  bisulphite 
and  hydrochloric  acid,  and  determining  the  percentage  of  selenium  set 
free: 

.^8oo  grm.  SeO,  gave   .4828  grm.  Sc.  71.000  per  cent. 

3.5227  *'  2.5047       •'  71.102       ** 

4.4870  **  3-1930       '*  71. 161       •* 

Mean,  71.088,  d=  .032 

In  a  similar  manner  Sacc  also  reduced  barium  selenite,  and  weighed 
the  resulting  mixture  of  barium  sulphate  and  free  selenium.  This  pro- 
cess gave  discordant  results,  and  a  better  method  was  found  in  calcining 
BaSeOj  with  sulphuric  acid,  and  estimating  the  resulting  quantity  of 
BaSO^.  In  the  third  column  I  give  the  amounts  of  BaSO^  equivalent  to 
lOOofBaSeO,: 

•5573  grm.  BaSeOj  gave  .4929  grm.  BaSO^.  88.444 

.9942                 **               .8797          "  88.383 

.2351                **              .2080          V  88.473 

.9747                 "               .8621           "  88.448 

Mean,  88.437,^.013 

Still  other  experiments  were  made  with  the  selenites  of  silver  and  lead  ; 
but  the  figures  were  subject  to  such  errors  that  they  need  no  further  dis- 
cussion here. 

A  few  years  after  Sacc's  work.was  published,  Erdmann  and  Marchand 
made  with  their  usual  care  a  series  of  experiments  upon  the  atomic 
weight  under  consideration.  §  They  analyzed  pure  mercuric  selenide, 
which  had  been  repeatedly  sublimed  and  was  well  crystallized.     Their 

*  Pog:gend.  Annalen,  8,  i.    1826. 
t  Poggend.  Annalen,  9,  623.    1827. 
X  Ann.  d.  Chim.  ct  d.  Phys.  (3),  21,  119. 
I  Jour.  fQr  Prakt.  Chera.,  55,  202.     1852. 
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method  of  manipulation  has  already  been  described  in  the  chapter  upon 
mercury.    These  percentages  of  Hg  in  HgSe  were  found  : 

71.726 

71.731 

71.741 


Mean,  71.7327,  =fc  .«)3 
The  next  determinations  were  made  by  Dumas  *  who  returned  to  the 
original  method  of  Berzelius.  Pure  selenium  was  converted  by  dry 
chlorine  into  SeCl^,  and  from  the  gain  in  weight  the  ratio  between  Se 
and  CI  was  easily  deducible.  I  include  Berzelius'  single  experiment, 
which  I  have  already  cited,  and  give  in  a  third  column  the  quantity  of 
chlorine  absorbed  by  100  parts  of  selenium  : 


1.709  grm. 

Se  absorb  3.049  grm.  CI. 

178.409 

I.810 

3.219 

177.845 

1.679 

3.003 

178.856 

1.498 

2.688 

179.439 

1.944 

3.468 

178.39s 

1.887 

3.382 

179.226 

1.935 

3.452 

178.398 
179.000— Berzelius. 

Mean,  178.696,  ±.125 

The  question 'may  here  be  properly  asked,  whether  it  would  be  possi- 
ble thus  to  form  SeCl^,  and  be  certain  of  its  absolute  purity  ?  A  trace  of 
oxychloride,  if  simultaneously  formed,  would  increase  the  apparent 
atomic  weight  of  selenium.  In  point  of  fact,  this  method  gives  a  higher 
value  for  Se  than  any  of  the  other  processes  which  have  been  adopted, 
and  that  value  has  the  largest  probable  error  of  any  one  in  the  entire 
series.  •  A  glance  at  the  table  which  summarizes  the  (Jiscussion  at  the 
end  of  this  chapter  will  render  this  point  sufficiently  clear. 

Still  later,  Ekman  and  Pettersson  f  investigated  several  methods  for 
the  determination  of  this  atomic  weight,  and  finally  decided  upon  the 
two  following : 

First,  pure  silver  selenite,  Ag^SeOj  was  ignited,  leaving  behind  metallic 
silver,  which,  however,  sometimes  retained  minute  traces  of  selenium. 
The  data  obtained  were  as  follows  : 

Ag^eO^.  Ag.  Per  cent,  Ag, 

5. 2*102  3.2787  62.93 

5.9721  3.7597  •  62.95 

7.2741  4.5803  62.97 

7.5390  4.7450  62.94 

6.9250  4.3612  62.98 

7.3455  4.6260  62.98 

6.9878  4.3992  62.95 

Mean,  62.957,  ±  .005 


*  Ann.  Chem.  Pharm.,  113,  32.    i860. 

\  Bcr.  d.  Deutsch.  Chem.  Gesell.,  9,  1210.    1876.    Published  in  detail  by  the  ^odety  at  Upsala. 
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Secondly,  a  warm  aqueous  solution  of  selenious  acid  was  mixed  with 
HCl,  and  reduced  by  a  current  of  SO,.  The  reduced  Se  was  collected 
upon  a  glass  filter,  dried,  and  weighed. 

SeO^.  Se.  Per  cenL  Se, 

1 1. 1760  7.9573                          71.199 

11.2453  8.0053                          71185 

24.4729  17.4232                          71.193 

20.8444  14.8383                          71.187 

31.6913  22.5600                            7i.«9» 

Mean,  71. 191,    ±.0016 
Sacc  found,  71.088,    ±  .0320 

General  mean,  71.1907,  db  .0016 

There  are  now  five  series  of  figures  from  which  to  deduce  the  atomic 
weight  of  selenium : 

(i.)  Per  cent,  of  Se  in  SeO„  71.1907,  ±  .0016 

(2.)  BaSeOg  :  BaSO^  :  :  100  :  88.437,  ±  .013 

(3.)  Per  cent,  of  Hg  in  HgSe,  71.7327,  ifc  .003 

(4.)  Se  :  Cl^  :  :  100  :  178.696,  ±  .125 

(5.)  Per  cent,  of  Ag  in  AgjSeO^,  62.957,  db  .005 

From  these,  computing  with — 

O  =  15.879,  db  .0003  S  =  31.828,  db. 001 5 

Ag  =  107.108,  d:  .0031  Ba  =  136.392,  d=  .0086 

CI  =  35.179,  ±  .0048  Hg=  198.491,  d=  .0083, 

five  values  for  Se  are  calculable,  as  follows  : 

From  (i) Se  =  78.477,  ±  .0049 

From  (2) *•  =  78.006,  db  .0410 

From  (3) ,   , "  =  78.217,  db  .0095 

From  (4) '<  =  78.740,  d=  .0561 

From  (5) •*  =  78.405,  it:  .0201 

General  mean Se  =  78.419,  ±  .0042 

If  0  =  16,  this  becomes  Se  «  79.016. 
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Particular  interest  attaches  to  the  atomic  weight  of  tellurium  on  ac- 
count of  its  relations  to  the  periodic  law.  According  to  that  law,  tellurium 
should  lie  between  antimony  and  iodine,  having  an  atomic  weight  greater 
than  120  and  less  than  126.  Theoretically,  MendelejeflF  assigns  it  a  value 
of  Te  =  125,  but  all  of  the  best  determinations  lead  to  a  mean  number 
higher  than  is  admissible  under  the  currently  accepted  hypotheses. 
Whether  theory  or  experiment  is  at  fault  remains  to  be  discovered. 

The  first,  and  for  many  years  the  only,  determinations  of  the  constant 
in  question  were  made  by  Berzelius.*  By  means  of  nitric  acid  he  oxi- 
dized tellurium  to  the  dioxide,  and  from  the  increase  in  weight  deduced 
a  value  for  the  metal.  He  published  only  his  final  results,  from  which, 
if  0  =  100,  Te  =  802.12L  The  three  separate  experiments  give  Te  = 
801.74,  801.786,  and  802.838,  whence  we  can  calculate  the  following  per- 
centages of  metal  in  the  dioxide : 

80.057 

80.036 

80.034 

Mean,  80.042,  dz  .005 

The  next  determinations  were  made  by  von  Hauer,t  who  resorted  to 
the  analysis  of  the  well  crystallized  double  salt  TeBr4.2KBr.  In  tlijs 
compound  the  bromine  was  estimated  as  silver  bromide,  the  values 
assumed  for  Ag  and  Br  being  respectively  108.1  and  80.  Recalculating, 
with  our  newer  atomic  weights  for  the  above-named  elements,  we  get 
from  von  Hauer's  analyses,  for  100  parts  of  the  salt,  the  quantities  of  AgBr 
which  are  put  in  the  third  column : 

2.000  gnii.  K^TeBr,  gave  69.946  per  cent.  Br.  164.460 

6.668  **  698443        *'  164.221 

2.934  "  69.9113         '*  164.379 

3.697  "  70.0163         "  164.626 

1. 000  "  69.901  **  ^64.355 

Mean,  164.408,  db  .045 

From  Berzelius'  series  we  may  calculate  Te  ==  127.366,  and  from  von 
Hauer's  Te  =  126.454.  Dumas,  J  by  a  method  for  which  he  gives  abso- 
lutely no  particulars,  found  Te  =  129. 

In  1879,  with  direct  reference  to  Mendelejeff 's  theory,  the  subject  of 
the  atomic  weight  of  tellurium  was  taken  up  by  Wills.  §    The  methods 

*  Poggcnd.  Annalen.  28,  395.    1833. 
t  Sitzungab.  Wien  Akad.,  25,  142. 
X  Ann.  Chim.  Phys.  (3).  55,  129.    1859. 
g  Journ.  Chcm.  Soc.,  Oct.,  1879,  p.  704. 


272  THE   ATOMIC    WEIGHTS. 

of  Berzelius  and  von  Hauer  were  employed,  with  various  rigid  precau- 
tions in  the  way  of  testing  balance  and  weights,  and  to  ensure  purity  of 
material.  In  the  first  series  of  experiments  tellurium  was  oxidized  by 
nitric  acid  to  form  TeO,.  The  results  gave  figures  ranging  from  Te  = 
125.64  to  128.66: 

2. 2 1 613  grm.  Tc  gave  2.77612  grm.  TcO,.  79.828  per  cent.  Te. 

.  ..,.,  II  .  fl.r.-.         »i  80.044  " 

80.007 

*  80.207 

79989 


1.45313 

II 

I.81542 

2.67093 

11 

333838 

4  77828 

II 

5.95748 

2.65029 

It 

3.31331 

Mean,  80.015,  dt  .041 

In  the  second  series  tellurium  was  oxidized  by  aqua  regia  to  TeO„  with 
results  varying  from  Te  =  127.10  to  127.82 : 

2.8501 1  grm.  Te  gave  3.56158  grm.  TeO,.  80.024  per  cent.  Te. 

3.09673  "  3.86897         "  80.040  '• 

5.09365  **  6.36612        **  80.012  ** 

3.26604  *'  4.08064         •*  80.037  " 

Mean,  80.028,  db  .004 

By  von  Hauer's  process,  the  analysis  of  TeBr4.2KBr,  Will's  figures  give 
results  ranging  from  Te  =  125.40  to  126.94.  Reduced  to  a  common 
standard,  100  parts  of  the  salt  yield  the  quantities  of  AgBr  given  in  the 
third  column  : 

1.70673  grm.  KjTeBfj  gave  2.80499  grm.  AgBr.  164.349 

1.75225                "                 2.88672        ••  164.398 

2.06938                **                 340739         **  .      164.657 

3.29794                •*                 5.43228         '*  164.717 

2.46545                "                 405742         "  164.57" 

Mean,  164.538,  dr  .048 

Combined  with  von  Hauer's  mean,  164.408,  ±:  .045,  this  gives  a  general 
mean  of  164.468,  ±  .033.     Hence  Te  =  126.502. 

The  next  determinations  in  order  of  time  were  those*  of  Brauner.* 
This  chemist  tried  various  unsuccessful  methods  for  determining  the 
atomic  weight  of  tellurium,  among  them  being  the  synthetic  preparation 
of  silver,  copper,  and  gold  tellurides,  and  the  basic  sulphate,  Te,SOy. 
None  of  these  methods  gave  sufficiently  concordant  results,  and  they 
were  therefore  abandoned.  The  oxidation  of  tellurium  to  dioxide  by 
means  of  nitric  acid  was  also  unsatisfactory,  but  a  series  of  oxidations 
with  aqua  regia  gave  data  as  follows.  The  third  column  contains  the 
percentage  of  tellurium  in  the  dioxide : 

•  Journ.  Chem.  Soc.,  55,  382.    1889. 
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Te. 

TeO^. 

Percent,  7>. 

2.3092 

2.9001 

79.625 

2.8I53^ 

35332 

79.681 

4.0176 

5.0347 

79.798 

3.1613 

3.9685 

79.660 

.8399 

1.0526 

79.793 

273 


Mean,  79.711,  ±  .0239 


Hence  Te  =  124.709. 


In  a  single  analysis  of  the  dioxide,  by  reduction  with  SO,,  2.5489 
grammes  TeO,  gave  2.0374  of  metal.  If  we  give  this  experiment  the 
weight  of  one  obsen'ation  in  the  synthetic  series,  the  percentage  of  tel- 
lurium found  by  it  becomes — 


79.932.  d=  .0534. 


Hence  Te  =  126.494. 


Brauner's  best  results  were  obtained  from  analyses  of  tellurium  tetra- 
bromide,  prepared  from  pure  telluriupi  and  pure  bromine,  and  after- 
wards sublimed  in  a  vacuum.  This  compound  was  titrated  with  standard 
solutions  of  silver,  and  three  series  of  experiments,  made  with  samples 
of  bromide  of  different  origin,  gave  results  as  follows.  The  TeBr^  equiva- 
lent to  100  parts  of  silver  appears  in  the  third  column : 


First  Series, 

TeBr^, 

^^4. 

Ratio, 

2.14365 
1.76744 
1.47655 
'.23354 

2.06844 
1.70531 
1.42477 
1.19019 

Second  Series. 

103.636 
103.643 
103.634 
103.642 

TeBr,. 

Ag,, 

Ratio. 

3.07912 
5.47446 
330927 
7.26981 

3.52077 

2.97064 
5.28157 
3.19313 
7.01414 
3.39667 

Third  Series, 

103.651 
103.652 
103.637 
103.645 
103.654 

TeBr^, 

Ag,, 

Ratio. 

2.35650 
1. 5193' 
1.43985 

2.27363 
1.46564 
1.38942 

103.645 
103.662 
103.630 

Mean  of  all  as  one  series^  103.644,  :±:  .0018 


18 
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Hence  Te  =  126.668,  ±  .0290.  A  reduction  of  the  weighings  to  a 
vacuum  raises  this  by  0.07  to  126.738. 

Still  another  series  of  analyses,  made  with  fractionated  material,  gave 
values  for  tellurium  running  up  to  as  high  as  137.  These  experiments 
led  Brauner  to  believe  that  he  had  found  in  tellurium  a  higher  honio- 
logue  of  that  element,  a  view  which  he  has  since  abandoned.*  Brauner 
also  made  a  series  of  analyses  of  tellurium  dibromide,  but  the  results 
were  unsatisfactory. 

In  the  series  of  determinations  by  Gooch  and  Rowland f  Jvn  alkaline 
solution  of  tellurium  dioxide  was  oxidized  by  means  of  standard  solu- 
tions of  ])otassium  permanganate.  This  was  added  in  excess,  the  excess 
being  measured,  after  acidification  with  sulphuric  acid,  by  back  titration 
with  oxalic  acid  and  ])ermanganate.  Two  series  are  given,  varying  in 
detail,  but  for  ])resent  ])urposes  they  maybe  treated  as  one.  The  ratio 
Te(\  :  0  :  :  100  :  x  is  given  in  the  third  column. 


no.  Taken. 

0  Required, 

Ratio. 

.I200 

.01202 

10.017 

.0783 

.00785 

10.026 

.093 » 

.00940 

10.097 

.1100 

.01119 

10.149 

.0904 

00909 

10.055 

.1065 

.01078 

10.122 

.0910 

.00915 

10055 

.0910 

.00910 

10.000 

.0911 

.00924 

10.143 

.0913 

.00915 

10.022 

.0912 

.00915 

10.033 

.0914 

.00923 

10.098 

Mean 

10.068, 

Hence  Te=  125.06. 

In  Staudenmaier's  %  determinations  of  the  atomic  weight  of  tellurium, 
crystallized  telluric  acid,  HgTeO^  was  the  starting  point.  By  careful 
heating  in  a  gla.Ms  bulb  this  compound  can  be  reduced  to  TeOj,  and  by 
heating  in  hydrogen,  to  metal.  In  the  latter  case  finely  divided  silver  was 
added  to  prevent  volatilization  of  tellurium.  The  telluric  acid  was  frac- 
tionally crystallized,  but  the  different  fractions  gave  fairly  constant  results. 
I  therefore  group  Staudenmaier's  data  so  as  to  bring  them  into  series 
more  suitable  for  the  present  discussion. 


*  Journ.  Chem.  Soc..  67,  549-    ^895. 

t  Amer.  Journ.  Sci.,  5S,  375.  1894,  Some  misprints  in  the  oriional  publication  have  been  kindly- 
corrected  by  Professor  Gooch  ;  hence  the  differences  between  these  data  and  the  figures  formerly 
given. 

J2kritsch.  Anorg.  Chem.,  10,  189.     1895. 
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First  H^TeO^  to  TeO^. 

H^TeO^.  Loss  in  IVeight,  Percent.  TeO^, 

1. 7218  .5260  69.451 

2.8402  .8676  69.453 

4.0998  1.2528  69.442     ' 

.3.0916  .9450  69.433 

1.1138  -3405  69.429 

4.9843  1.5236  69.432 

4.6716  1.4278  69.437 

Mean,  69.440,  riz  .0024 

Hence  Te  =  126.209. 

Second.  H^TeO^  to  Te, 

H^TeO^,  Loss  in  Weight.  Per  cent.  Te, 

1.2299  .5471  55.5>7 

1.0175  .4526  55.518 

2.5946  I  1549  55488 

Mean,  55.508,  ±.  .0068 

Hence  Te  =  126.303. 

Staudenmaier  also  gives  four  reductions  of  TeO,,  to  Te,  in  presence  of 
finely  divided  silver.    The  data  are  as  follows : 

TeO^,  Loss  in  Weight.  Per  cent.  TV. 

.9171  .1839  79-948 

I  9721  .395"  •         79-966 

2.41 15  .4835  79950 

1. 01 72  .2041  79.935 

Mean,  79.950,  :t  .0043 

Hence  Te  =^  126.636. 

The  last  series,  givinj;  the  percentage  of  tellurium  in  the  diofcide,  com- 
bines with  previous  series  thus : 

Berzelius 80.042,  ±  .0050 

Wills,  first  series 80.015,  ±  .0410 

Will.«,  second  series 80.028,  ih  .0040 

Brauner,  synthesis 79.7 1 1,  dr  .0239 

Brauner,  analysis 79.932,  ±:'.o534 

Staudenmaier 79-950,  di  .0043 

General  mean 80.001,  it  .0025 

The  very  recent  determinations  byChikashige*  were  made  by  Brauner's 
method,  giving  the  ratio  between  silver  and  TeBr^.  In  all  essential  par- 
ticulars the  work  resembles  that  of  Brauner.  except  that  the  tellurium, 

•Jouru.  Chem.  Soc,  69.  8S1.    1896. 
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instead  of  being  extracted  from  metallic  tellurides,  was  derived  from 
Japanese  native  sulphur,  in  which  it  exists  as  an  impurity.  This  differ- 
ence of  origin  in  the  material  studied  gives  the  chief  interest  to  the 
investigation.    The  data  are  as  follows : 


TeBr^, 

Ag^ 

Ratio, 

4.1812 

4.0348 

103.628 

4.3059 

4.1547 

103.639 

4.5929 

4.43  <  9 

103.633 

Mean,  103.633,  rh  .0023 
Brauner  found,  103.644,  d:  .0018 


General  mean,  103.640,  rfc  .0014 

Now,  to  sum  up,  the  subjoined  ratios  are  available  for  computing  the 
atomic  weight  of  tellurium : 

(I.)  Percentage  Te  in  TeO„  80.001,  db  .0025 
(2.)  Percentage  Te  in  HjTeO^,  55.508,  ib  .0068 
(3.)  Percentage  TcO,  in  H^TeO,,  64.440,  ±  .0024 
(4.)  Ag^  :  TeBr^  :  :  100  :  103.640,  d=  .0014 
(5.)  KjTeBrg  :  6AgBr  :  :  100  :  164.468,  d=  .0330 
(6.)  TeO,  :  O  :  :  lOO  :  10.068,  db  .0100 

To  reduce  these  ratios  we  have — 

O    =    15.879,  zfc  .0003  K       =   38.817,^.0051 

Ag  =  107. 108,  ±  .0031  AgBr  =  186.452,  ±1 .0054 

*^r  =    79.344,  ±  .0062 

For  the  atomic  weight  of  tellurium  six  values  appear,  as  follows: 

From  ^l) Te  =1  127.040,  dr  .0165 

From  (4) J . .  **    =  126.650,  db  .0302 

From  (5) "   =126.502,^1.1430 

From  (2) "    =  126.303,  ji:  .0246 

*From  (3) *•   =  126.209,  ±:  .0138 

From  (6) **   =125.960,^.1574 

General  mean Te  =  126.523,  ±.  .0092 

If  0  =  16,  Te  =  127.487. 

A  careful  consideration  of  the  foregoing  figures,  and  of  the  experi- 
mental methods  by  which  they  were  obtained,  will  show  that  they  are 
not  absolutely  conclusive  with  regard  to  the  place  of  -tellurium  under 
the  periodic  law.  •  The  atomic  weight  of  iodine,  calculated  in  a  previous 
chapter,  is  125.888.  Wills'  values  for  Te,  rejecting  his  first  series  as  rela- 
tively unimportant,  range  from  125.40  to  127.32  ;  that  is,  some  of  them 
fall  below  the  atomic  weight  of  iodine,  although  none  descend  quite  to 
the  125  assumed  by  Mendelejeff. 

Some  of  Brauner's  data  fall  even  lower;  and  the  same  thing  is  true  in 


FLUORINE.  277 

Gooch  and  Howland's  series,  of  which  the  mean  gives  Te  =»  125.96,  a 
value  very  little  above  that  of  iodine. 

In  considering  the  experimental  methods,  reference  may  properiy  be 
made  to  the  controversy  regarding  the  atomic  weight  of  antimony.  It 
will  be  seen  that  'Dexter,  estimating  the  latter  constant  hy  the  conver- 
sion of  the  metal  into  SbjO^,  obtained  a  value  approximately  of  Sb  =  122. 
Dumas,  working  with  SbCl,,  obtained  nearly  the  same  value.  Schneider 
and  Cooke,  on  the  other  hand,  have  established  an  atomic  weight  for 
antimony  near  120,  and  Cooke  in  particular  has  traced  out  the  constant 
errors  which  lurked  unsuspected  in  the  work  of  Dumas.  Now  in  their 
physical  aspects  tellurium  and  antimony  are  quite  similar.  The  oxida- 
tion of  tellurium  to  dioxide  resembles  in  many  particulars  that  of  anti- 
mony, and  may  lead  to  error  in  the  same  way.  In  each  of  the  six  tel- 
lurium ratios  there  is  still  uncertainty,  and  a  positive  measurement,  free 
from  objections,  of  the  constant  in  question  is  yet  to  be  made. 


FLUORINE. 


The  atomic  weight  of  fluorine  has  been  chiefly  determined  by  one 
general  method,  namely,  by  the  conversion  of  fluorides  into  sulphates. 
The  work  of  Christensen,  however,  is  on  different  lines.  Excluding  the 
early  results  of  Davy,*  we  have  to  consider  first  the  experiments  of 
Berzelius,  Louyet,  Dumas,  De  Luca,  and  Moissan  with  reference  to  the 
fluorides  of  calcium,  sodium,  potassium,  barium,  and  lead. 

The  ratio  between  calcium  fluoride  and  sulphate  has  been  determined 
by  the  five  investigators  above  named,  and  by  one  general  process.  The 
fluoride  is  treated  with  strong  sulphuric  acid,  the  resulting  sulphate  is 
ignited,  and  the  product  weighed.  In  order  to  insure  complete  trans- 
formation special  precautions  are  necessary,  such,  for  instance,  as  re- 
peated treatment  with  sulphuric  acid,  and  so  on.  For  details  like  these 
the  original  papers  must  be  consulted. 

The  first  experiments  in  chronological  order  are  those  of  Berzelius,t 
who  operated  upon  an  artificial  calcium  fluoride.  He  found,  in  three 
experiments,  for  one  part  of  fluoride  the  following  of  sulphate : 

1.749 
1.750 
1. 751 

Mean,  1.750,  rb  .0004 

Louyet's  researches  J  were  much  more  elaborate  than  the  foregoing. 
He  began  with  a  remarkably  concordant  series  of  results  upon  fluor  spar, 

•  Phil.  Trans.,  1814,  64. 

t  Pojfgend.  Annalen,  8.  i.    1826. 

t  Ann.  Chtm.  Phys.  (3),  25,  300.     1849. 
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in  which  one  gramnne  of  the  fluoride  yielded  from  1.734  to  1.737  of  sul- 
phate, ^t  first  he  regarded  these  as  accurate,  but  he  soon  found  that 
particles  of  spar  had  been  coated  with  sulphate,  and  had  therefore 
escaped  action.  In  the  following  series  this  source  of  error  was  guanied 
against. 
Starting  with  fluor  spar,  Ijouyet  found  of  sulphate  as  follows: 

1.742 

1-744 

«.745 

1.744 

1.7435 

1  7435 


Mean,  i.7437i  db  .ocx)3 


A  second  series,  upon  artificial  fluoride,  gave: 


".743 
i.741 
i.74« 

Mean,  1. 74 1 7,  dr  .0004 

Dumas  *  published  but  one  result  for  calcium  fluoride.  .495  gmi.  gave 
.864  grm.  sulphate,  the  ratio  being  1 : 1.7455. 

De  Lucat  worked  with  a  very  pure  fluor  spar,  and  published  the  fol- 
lowing rev«?ulU.  The  ratio  between  CaSO^  and  one  gramme  of  CaF,  is 
given  in  the  third  column : 

.9305  grm.  CaF,  gave  1.650  gnn.  CaSO^.  1.7518 

.836  "  1.459  "  1.7452 

.502  "  .8755        "  1.7440 

.3985  "  .6945        "  1.7428 

If  we  include  Dumas'  single  result  with  these,  we  get  a  mean  of 
1.7459,  zb  .0011. 

Moissan  J  unfortunately  gives  no  details  nor  weighings,  but  merely 
states  that  four  experiments  with  calcium  fluoride  gave  values  for  F  rang- 
ing from  19.02  to  19.08.  To  S  he  assigned  the  value  32.074,  and  probably 
Ca  was  taken  as  =  40.  With  these  data  his  extreme  values  as  given 
may  be  calculated  back  into  uniformity  with  the  ratio  as  stsited  above, 
becoming — 

1.7444 
1.7410 


Mean,  1.7427 


•Ann.  Chem.  Pharm..  115,  28.     1S60. 
i  Compt.  Rend..  51,  299.    1S60. 
tCompt.  Rend  ,  iii,  570.    1890. 
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If  we  assign  this  equal  weight  with  Berzelius'  series,  the  data  for  this 
ratio  combine  thus : 

Rerzelius i .  7500,  db  .0004 

Louyet,  first  series '.7437,  db  .0003 

Louyet,  second  series '-74*71  ±:  .0004 

Dc  Luca  with  Dumas i  .7459,  =fc  .001 1 

Moissan. 1.7427,  rb  .0004 

General  mean i -74441  rb  .00018 

For  the  ratio  between  the  two  sodium  salts  we  have  ex[)eriments  by 
Dumas,  I^ouyet,  and  Moissan.  According  to  TiOuyet,  one  gramme  of 
NaF  gives  of  Na,SO,— 

1.686 

1.683 

1.685 

Mean,  1.6847,  dr  .0006 

The  weighini^s  published  by  Dumas  are  as  follows  : 

.777  grm.  NaF  give  i'.3i2  grm.  Na,S()^.  4<.'\tin,  1.689 

1.737  **  2.930  "  "       1.687 

Mean,  1.688,  4=  .0007 

Moissan  says  only  that  five  experiments  with  sodium  fluoride  gave 
F  =  19.04  to  19.08.  This  was  calculated  with  Na  =  23.05  and  S  =:  32.074. 
Hence,  reckoning  backward,  the  two  values  give  for  the  standard  ratio — 

I  6889 
1-6873 

Mean,  1.6881 

Giving  this  equal  weight  with  Dumas'  mean,  we  have — 

Louyet i  .6847,  ±:  0006 

Dumas 1.688,    ±.0007 

Moissan   1.6881,  rh  .0007 

General  mean - i  .6867,  db  .00038 

Dumas  also  gives  experiments  upon  potassium  fluoride.  The  quantity 
of  sulphate  formed  from  one  gramme  of  fluoride  is  given  in  the  last 
column : 

'•483  grm.  KK  give  2.225  B'^™*  K,SO^.  1.5002 

1.309  *'  1. 961  •*  1. 4981 

Mean,  1.4991,  zt  .0007 

The  ratio  between  barium  fluoride  and  barium  sulphate  was  measured 
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by  Louyet  and  Moissan.     According  to  Louyet,  one  gramme  of  BaF, 
gives  of  BaSO,— 

1.332 

1.331 

1.330 

.   Mean,  1.331,  =b  .0004 

Moissan,  in  five  experiments,  found  F  =  19.05  to  19.09.  Assuming 
that  he  put  Ba  =  137,  and  S  =  32.074  as  before,  these  two  extremes 
become — 

1.330S 
Mean,  1.3308 

Giving  this  equal  weight  with  Louyet's  mean,  we  get  the  subjoined 
combination : 

Louyet i.33»,    d:  .0004 

Moissan '.330S,  db  .0004 

General  mean I.3309i  :fc  .ocwiS 

The  experiments  with  lead  fluoride  are  due  to  Louyet,  and  a  new 
method  of  treatment  was  adopted.  The  salt  was  fused,  powdered,  dis- 
solved in  nitric  acid,  and  precipitated  by  dilute  sulphuric  acid.  The 
evaporation  of  the  fluid  and  the  ignition  of  the  sulphate  was  then  effected 
without  transfer.  Five  grammes  of  fluoride  were  taken  in  each  opera- 
tion, yielding  of  sulphate : 

6.179 
6.178 
6.178 

Mean,  6.1783,  ±  .ocx)2 

In  Christensen's  determinations*  we  find  a  method  adopted  which  is 
radically  unlike  anything  in  the  work  of  his  predecessors.  He  started 
out  with  the  salt  (NHJ^MnFj.  When  this  is  added  to  a  mixture,  in 
solution,  of  potassium  iodide  and  hydrochloric  acid,  iodine  is  set  free, 
and  may  be  titrated  with  sodium  thiosulphate.  One  molecule  of  the 
salt  (as  written  above),  liberates  one  atom  of  iodine.  In  four  experi- 
ments Christensen  obtained  the  following  data : 

3.  "99  grm.  AnijMnFj  gave  2.12748  I.  68.191  per  cent. 

3.9190  *•  2.67020  "  68.135       ** 

3.5005  "  2.38429**  68.113       " 

1.2727  *•  .86779  "  68.185       " 

Mean,  68.156,  db  .0128 

«  Journ.  fCir  Prakt.  Chem.  (2),  35,  541-    Christensen  assig^ns  to  the  salt  double  the  formula  here 
given. 
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The  ratios  from  which  to  compute  the  atomic  weight  of  fluorine  are 
now — 

(I.)  CaF,  :  CaSO^  :  :  I.o  :  1.7444,  ±  .00018 
(2.)  2NaF  :  Na^SO^  :  :  l.o  :  1.6867,  d=  .00038 
(3.)  2KF  :  KjSO^  :  :  1.0  :  i.499«,  ±  .0007 
(4.)  BaF,  :  BaSO^  :  :  I.O  :  1. 3309,  zt  .00028 
{$.)  PbFj  :  PbSO^  :  :  5.0  :  6.1783,  ±  .0002 
(6.)  AmjMnFj  :  I  :  :  100  :  68.156,  db  .0128 

To  reduce  them  we  have — 

K  =  38.817,  ±.0051 
Ca  =  39.764,  zb  .0045 
Ba  =  136.392,  rfc  .0086 
Vh  =  205.358,  d=  .0040 
Na=    22.881,  d:  .0046  Mn=    54.571,  rfc  .0013 

And  the  values  derived  for  fluorine  are  as  follows : 

From  (i) F=i8.844,  dr  .0048 


0 

=    15.879,  ±  0003 

s 

=    31-828,  db  .0015 

N 

=     '3.935.  db  .0021 

I 

=  125.888,^1.0069 

From  (2). 
From  (3). 
From  (4). 
From  (5). 
From  (6) . 


18.948,  ±  .0108 
=  18.877,  :t  .0276 
=  18.869,  ±  .0192 
=  18.997,  ±  .0047 
=  18.853,  ±  .0073 


General  mean V  =  18.912,  dt=  .0029 

If  0  =  16,  F  =  19.056. 

In  all  probability  these  values  for  fluorine  average  a  trifle  too  high. 
It  is  difficult  to  be  certain  that  a  fluoride  has  been  completely  converted 
into  sulphate,  and  an  incomplete  conversion  tends  to  raise  the  apparent 
atomic  weight  of  fluorine.  This  possible  source  of  error  exists  in  all  of 
the  ratios  except  the  last  one,  but  the  fair  concordance  of  the  results 
obtained  seems  to  indicate  that  the  uncertainty  cannot  be  very  large. 
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MANGANESE. 

The  earliest  experiments  of  Berzelius*  and  of  Arfvedsonf  gave  values 
for  Mn  ranging  between  56  and  57,  and  therefore  need  no  farther  con- 
sideration here.  The  first  determinations  to  be  noticed  are  those  of 
Turner  J  and  a  later  measurement  by  Berzelius.  §  who  both  determined 
gravimetrically  the  ratio  between  the  chlorides  of  manganese  and  silver. 
The  manganese  chloride  was  fused  in  a  current  of  dry  hydrochloric  acid, 
and  afterwards  precipitated  with  a  silver  solution.  I  give  the  MnCU 
equivalent  to  100  parts  of  AgCl  in  the  third  column : 


4.20775  grm.  MnCI,=:    9.575    grm.  AgCl. 
3.063  **  =    6.96912         " 

12.47      grains  MnCI,  =    28.42  grains  AgCI. 


43950  i 
43.878— Turner. 


Mean,  43-924,  ±  .015 

Many  years  later  Dumas  ||  also  made  the  chloride  of  manganese  the 
starting  point  of  some  atomic  weight  determinations.  The  salt  was  fuse<l 
in  a  current  ot  hydi*ochloric  acid,  and  afterwards  titrated  with  a  standard 
solution  of  silver  in  the  usual  way.  One  hundred  parts  of  Ag  are  equiva- 
lent to  the  quantities  of  MnCl.^  given  in  the  third  column : 


3.3672  grm.  MnClj  =  5.774  grm.  Ag. 

58.317 

3.0872             -              5.293 

58.326 

2.9671             "              50875       " 

58.321 

1. 1244             "              1.928 

58.320 

I.3134            "              2.251 

58.321 

Mean,  58.321,  ±.001 

An  entirely  different  method  of  investigation  was  followed  by  von 
Hauer,^  who,  as  in  the  case  of  cadmium,  ignited  the  sulphate  in  a  stream 
of  sulphuretted  hydrogen,  and  determined  the  quantity  of  sulphide  thus 
formed.  I  subjoin  his  weighings,  and  also  the  percentage  of  MnS  in 
MnSO^  as  calculated  from  them : 


4.0626  grm. 

MnSO^ 

gave 

2.3425  gnr 

.  MnS. 

57.660  per  cent. 

4.9367 

2.8442 

57.613 

5.2372 

30192 

57.649 

7.0047 

4.0347 

57.600 

4.9175 

2.8297 

57.543 

4.8546 

2.7955 

57.585 

4.9978 

2.8799 

57.625 

46737 

2.6934 

57.629 

4.7240 

2.7197 

57.572 

d=.oo8 

V 

Mean,  57.608. 

♦  Pogsrend.  Annalen,  8,  185.    1826. 

fBcrz.  Jahrcsbericht,  9,  136.    1829. 

t  Trans.  Roy.  Soc.  Edinb.,  11,  143.    1831. 

I  I^hrbuch,  5  Aufl.,  3.  1224. 

I  Ann.  Chcm.  Pharra..  113.  25.    i860. 

HJourn.  far  Prakt.  Chem.,  72,  360.    1857. 
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This  method  of  von  Hauer,  which  seemed  to  give  good  results  with 
cadmium,  is,  according  to  Schneider,*  inapplicable  to  manganese,  for  the 
reason  that  the  sulphide  of  the  latter  metal  is  liable  to  be  contaminated 
with  traces  of  oxysulphide.  Such  an  impurity  would  bring  the  atomic 
weight  out  too  high.  The  results  of  two  different  processes,  one  carried 
out  by  himself  and  the  other  in  his  laboratory  by  Rawack,  are  given  by 
Schneider  in  this  paper. 

Rawack  reduced  manganoso-manganic  oxide  to  manganous  oxide  by 
ignition  in  a  stream  of  hydrogen,  and  weighed  the  water  thus  formed. 
From  his  weighings  I  get  the  values  in  the  third  column,  which  repre- 
sent the  MujO^  equivalent  to  one  gramme  of  water : 

4. '49  gfn^.  MpjO^  gave  0.330  grm.  H^O.  12.5727 


4.649 

.370 

12.5643 

6.8865 

.5485 

12.5552 

7.356 

.5855 

12.5636 

8.9445 

.7135 

12.5361 

1.584 

.9225 

Mean, 

12.5572 
12.5582, 

.0034 

Here  the  most  obvious  source  of  error  lies  in  the  possible  loss  of  water. 
Such  a  loss,  however,  would  increase  the  apparent  atomic  weight  of 
manganese;  but  we  see  that  the  value  found  is  much  lower  than  that 
obtained  either  by  Dumas  or  von  Hauer. 

Schneider  himself  effected  the  combustion  of  manganous  oxalate  with 
oxide  of  copper.  The  salt  was  not  absolutely  dry,  so  that  it  was  neces- 
sary to  collect  both  water  and  carbon  dioxide.  Then,  upon  deducting 
the  weight  of  water  from  that  of  the  original  material,  the  weight  of 
anhydrous  oxalate  was  easily  ascertained.  Subtracting  from  this  the 
CO,,  we  get  the  weight  of  Mn.  If  we  put  CO,  =  100.  the  quantities  of 
manganese  equivalent  to  it  will  be  found  in  the  last  column : 

1.5075  grm.  oxalate  gave  .306  grm.  H,0  and  .7445  grm.  CO,.  61.3835 

2.253  **  .4555  **  «."35         "  61.4291 

3.1935  '*  .652  "  1.5745         **  61.4163 

5.073  **  1.028  "  2.507  *•  61.3482 

Mean,  61. 3943, ±.0122 

Up  to  this  point  the  data  give  two  distinct  values  for  Mn — one  near 
54,  the  other  approximately  55 — and  with  no  sure  guide  to  preference 
between  them.  The  higher  value,  however,  has  been  confirmed  by  later 
testimony. 

In  1883  Dewar  and  Scott  t  published  the  results  of  their  work  upon 
silver  permanganate.  This  salt  is  easily  obtained  pure  by  recrystalliza- 
tion,  and  has  the  decided  advantage  of  not  being  hygroscopic.    Two  sets 

*  Poggend.  Annalen,  107,  605. 
t  Proc.  Roy.  Soc.,  35,  44.    1883. 
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of  experiments  were  made.  First,  the  silver  permanganate  was  heated 
to  redness  in  a  glass  bulb,  first  in  air,  then  in  hydrogen.  Before  weigh- 
ing, the  latter  gas  was  replaced  by  nitrogen.    The  data  are  as  follows : 


AgMnO^, 

Ag  -f  MnO. 

Per  cent.  Ag  -f-  MnO. 

5.8696 

4.63212 

78.917 

5.4988 

4.33591 

78.852 

7.673s 

6.05395 

78.894 

13.10147 

10.31815 

78.756 

12.5799 

9.91065 
'^  9.91435 

78.782 

78.811 

Mean 

,78.835,^.0174 

The  duplication  of  the  last  weighing  is  not  explained. 

In  the  second  series  the  permanganate* was  dissolved  in  dilute  nitric 
acid,  reduced  by  sulphur  dioxide,  potassium  nitrite,  or  sodium  formate, 
and  titrated  with  potassium  bromide.  The  AgMnO^  equivalent  to  100 
KBr  appears  in  the  third  column. 


IgAfnO,. 

KBr, 

Ratio, 

6.5289 

3.42385 

190.686 

7.5378 

3.9553 

190.575 

6.1008 

3.20166 

190.559 

5.74647 

3.00677 

191.117 

6.16593 

3.23602 

190.540 

5.11329 

2.6828 

190.596 

5.07438 

2.66204 

190.624 

13.4484 

7.05602 

190.604 

12.5799 

6.60065 

190.588 

12.27025 

6.43808 

190.584 
Mean,  190.647, 

.0361 

Vacuum  weights  are  given  throughout.  To  the  first  series  of  experi- 
ments the  authors  attach  little  importance,  and  numbers  1  and  4  of  the 
second  series  they  also  regard  as  questionable.  These  experiments  rep- 
resent the  use  of  sulphur  dioxide  as  the  reducing  agent,  and  were  attended 
by  the  formation  of  an  insoluble  residue,  apparently  of  a  sulphide.  Ex- 
cluding them,  the  remaining  eight  experiments  of  the  second  series  give 
in  mean— 

KBr  :  AgMnO^  :  :  100  :  190.584,  db  .0062, 

which  will  be  used  for  the  present  calculation.  Dewar  and  Scott  also 
made  determinations  w^th  manganese  chloride  and  bromide.  With  the 
first  salt  they  found  Mn  =  54.91,  and  with  the  second,  Mh  =  54.97 ;  but 
they  give  no  details. 

Marignac's  work  upon  the  atomic  weight  of  manganese  also  appeared 
in  1883.*    He  prepared  the  oxide,  MnO,  by  ignition  of  the  oxalate  and 

♦Arch.  Sci.  Pliys.  et  Nat.  (3),  10.  ai.     1883. 
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subsequent  reduction  of  the  resulting  MujO^  in  hydrogen.    The  oxide, . 
with  various  precautions,  was  then  converted  into  sulphate.    The  per- 
centage of  MnO  in  MnS04  is  appended : 

2.6587  grm.  MnO  gave  5.6530  MnS04.  47'032  per  cent 

2.5185  **  5.3600      "  46.987       " 

2.5992  **  5.5295       **  47.006       " 

2.8883  **  6.1450      **.  47.002       " 

Mean,  47.007,  ±  .0025 

J.  M.  Weeren,  in  1890  *  published  determinations  made  by  two  meth- 
ods, the  one  Marignac's,  the  other  von  Hauer's.  From  manganese  sul- 
phate he  threw  down  the  hydrated  peroxide  electrolytically^and  the  latter 
compound  was  then  reduced  in  hydrogen  which  had  been  proved  to  be 
free  from  oxygen.  The  resulting  monoxide  was  cooled  in  a  stream  of 
purified  nitrogen.  After  the  oxide  had  been  treated  with  sulphuric  acid, 
converted  into  sulphate,  and  weighed,  a  few  drops  of  sulphuric  acid  and 
a  little  sulphurous  acid  were  added  to  it,  after  which  it  was  reheated  and 
weighed  again.  This  process  was  repeated  until  four  successive  weigh- 
ings absolutely  agreed.  The  results  of  this  set  of  experiments  were  as 
follows,  with  vacuum  standards : 

15.2349  gfm.  MnO  gave  32.4142  MnSO^.  47.005  per  cent. 

13.9686  •*  29.7186       "  47.004 

13.7471  "  29.2493       "  47.000 

15.5222  •*  33.0246       "  47.001 

14.9824  •«  3". 8755       "  47.002 

14.6784  •*  3I.2304       *'  47.000 

Mean,  47.002,  ±  .0006 

Marignac's  mean,  combined  with  this,  hardly  affects  either  the  per- 
centage itself  or  its  probable  error.  Fortunately,  both  Marignac  and 
Weeren  are  completely  in  agreement  as  to  the  ratio,  and  either  set  of 
measurements  would  be  valid  without  the  other.  In  order,  therefore,  to 
give  Marignac's  work  some  proper  recognition,  we  can  assume  a  general 
mean  of  47.004,  rb  .0006,  without  danger  of  serious  error. 

The  manganese  sulphate  produced  in  the  foregoing  series  of  experi- 
ments was  used,  with  many  precautions,  for  the  next  series  carried  out 
by  von  Hauer's  method.  It  was  transferred  to  a  porcelain  boat,  dried  at 
260°  to  avoid  errors  due  to  retention  of  water  taken  up  in  the  process  of 
transfer,  and  then  heated  to  constant  weight  in  a  stream  of  hydrogen 
sulphide.  Before  weighing,  the  sulphide  was  heated  to  redness  in  hy- 
drogen and  cooled  in  the  same  gas.  The  results,  with  vacuum  weights, 
were  as  follows : 

■ — ■ — -^ 

•Atom-Gewichtsbestimmungdes  Mangans.    Inaugural  Dissertation,  Halle,  1890. 
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,  16.0029  g*™*  MnSO^  gave  9.2228  MnS  =  57.632  per  cent. 


I6.3I9I 

9.4048 

57.631  * 

15.9307 

9.I8I7 

57.634  * 

15.8441 

9.13'S 

57.634  *' 

16.2783 

'  9.3819 

57.635  * 

17.0874 

9.8477 

57.633  ' 

Mean,  57.633,  db  .0004 
von  Hauer  found,  57.608,  db  .0080 

Hence  the  general  mean  is  identical  with  Weeren's  to  the  third  deci- 
mal place,  which  is  unaffected  by  combination  with  von  Hauer's  data. 
We  have  now  to  consider  the  following  ratios  for  manganese: 

(1.)  2AgCl  :  MnCl,  :  :  100  :  41.924,  dr  .0150 

(2.)  2Ag  ;  MnCI,  :  :  100  :  58.321,  =fc  .0010 

(3.)   H,0  :  Mn,0^  :  :  100  :  1255.82,  db  .340 

(4.)  2CO,  :  Mn  :  :  lOO  :  61.3943,  d:  .0122 

(5.)  AgMnO^  :  Ag  -f  MnO  :  :  lOO  :  78,835,  ±  .0174 

(6.)  KBr  :  AgMnO^  :  :  100  :  190.584,  ±  .0062 

(7.)  MnSO^  :  MnO  :  :  100  :  47.004,  ±  .0006 

(8.)  MnSO^  :  A^nS  :  :  lOO  :  57.633,  d=  .0004 

Computing  with  the  subjoined  preliminary  data — 

O  =  15.879,  dr. 0003  K   =  38.817,  rir. 005 1 

Ag=  107.108,  d=  .0031  C    =  11.920,  db  .0004 

CI  =  35.179,^.0048  S    =  31.828,  rfc. 001 5 

Br  =  79.344,  rb  .0062  AgCl  =  142.287,  db  .OO37 

these  ratios  reduce  as  follows : 

First,  for  the  molecular  weight  of  manganese  chloride,  two  values  are 
deducible. 

From  (i) MnClj  =  124.996,  di  .0428 

From  (2) "      =124.933,^.0042 

General  mean MnCI,  =  124.934,  db  .0042 

Hence  Mn  ==  54.576,  ±  .0075. 

For  manganese  there  are  seven  independent  values,  as  follows  : 

From  molecular  weight  MnCI^ .Mn  =  54.576,  d:  .0075 

From  (3) **  =  53.667,  zt  .0203 

From  (4) •'   =  53-633,  =t  .0107 

From  (5) "  =54.450,  ±.1511 

From  (6) "   =  54.572,  ±  .0173 

From  (7) **   =54.601,  db  .0018 

From  (8) "   =  54.575,  dr  .0022 

General  mean Mn  =  54.571,  ±  .0013 

If  0  =  16,  this  becomes  Mn  =  54.987. 

In  this  case  five  of  the  separate  values  are  well  in  accord,  and  the  re- 
jection of  the  two  aberrant  values,  which  have  high  probable  errors,  is 
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not  necessary.  Their  influence  is  imperceptible.  Weeren's  marvelously 
concordant  data  seem  to  receive  undue  weight,  but  they  are  abundantly 
confirmed  by  the  evidence  of  other  experimenters.  In  short,  the  atomic 
weight  of  manganese  appears  to  be  quite  well  determined. 


IRON. 

The  atomic  weight  of  iron  has  been  mainly  determined  from  the  com- 
position of  ferric  oxide,  with  some  rather  scanty  data  relative  to  other 
compounds. 

Most  of  the  earlier  datii  relative  to  the  i)ercentage  of  metal  and  oxj'gen 
in  ferric  oxide  we  may  reject  at  once,  as  set  aside  by  later  investigations. 
Amono;  this  no  longer  valuable  material  there  is  a  series  of  experiments 
by  Berzelijus,  another  by  Dobereiner,  and  a  third  by  Capitaine.  The 
work  done  by  Stromeyer  and  by  Wackenroder  was  probably  good,  but 
I  am  unable  to  find  its  details.  ITie  former  found  30.15  per  cent,  of 
oxygen  in  the  oxide  under  consideration,  while  Wackenroder  obtained 
figures  ranging  from  a  minimum  of  30.01  to  a  maximum  of  30.38  per 
cent.* 

In  1844  Berzeliust  published  two  determinations  of  the  ratio  in  ques- 
tion. He  oxidized  iron  by  means  of  nitric  acid,  and  weighed  the  oxide 
thus  formed.  He  thus  found  that  when  0^=  100  Fe  =  350.27  and 
350.369. 

Hence  the  following  percentages  of  Fe  in  Fefi^^ : 

70.018 
70.022 

Mean,  70.020,  db  .0013  • 

About  the  same  time  Svanberg  and  Norlin  J  published  two  elaborate 
series  of  experiments;  one  relating  to  the  synthesis  of  ferric  oxide,  the 
other  to  its  reduction.  In  the  first  set  pure  piano-forte  wire  was  oxidized 
l)y  nitric  acid,  and  the  amount  of  oxide  thus  formed  was  determined. 
The  results  Were  as  follows : 

1.5257  grm.  ¥e  gave  2.1803  grm.  Fe^O,.  69.977  per  cent.  Fe. 

2.4051  "  3.4390  '*  69.936 

2.3212  **  3«3'94  "  69.928          ** 

2.32175  '*  3-3^^3  *'  69.968 

2.2772  •*  3.2550  **  69.960          •• 

2.4782  **  3.5418  *•  69.970 

2.3582  "  3.3720  ••  69.935 

Mean,  69.9534,  ±  .0050 


*  For  additional  details  concerning  these  eartter  papers  I  must  refer  to  Oudemans*  mono- 
graph, pp.  140,  141. 
t  Ann.  Chein.  Pharm.,  30,  432.    Berx.  Jahresb.,  25,  43. 
X  Berxelius'  Jahresbericht,  25,  42. 
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In  the  second  series  ferric  oxide  was  reduced  by  ignition  in  a  current 
of  hydrogen,  yielding  the  subjoined  percentages  of  metal : 


2.41515 

'•         1. 6910      '* 

2.99175 

2.09455     " 

3.5783 

2.505925    - 

4.1922 

2.9375 

3.«o«5  • 

2.17275     '* 

2.6886 

1.88305     " 

Fe. 


70.025  per  cent. 

70.015 

70.014 

70.030 

70.072 

70.056 

70.036 

Mean,  70.0354,  ±  .0055 

It  is  evident  that  one  or  both  of  these  series  must  be  vitiated  by  con- 
stant errors,  and  that  these  probably  arise  from  impurities  in  the  mate- 
rials employed.  Impurities  in  the  wire  taken  for  the  oxidation  series 
could  hardly  have  been  altogether  avoided,  and  in  the  reduction  series 
it  is  possible  that  weighable  traces  of  hydrogen  may  have  been  retained 
by  the  iron.  At  all  events,  it  is  probable  that  the  errors  of  both  series 
are  in  contrary  directions,  and  therefore  in  some  measure  compensatory. 
In  1844  there  was  also  published  an  important  paper  by  Erdmann 
and  Marchand.*  These  chemists  prepared  ferric  oxide  by  the  ignition 
of  pure  ferrous  oxalate,  and  submitted  it  to  reduction  in  a  stream  of 
hydrogen.  Two  sets  of  results  were  obtained  with  two  different  samples 
of  ferrous  oxalate,  prepared  by  two  different  methods.  For  present  pur- 
poses, however,  it  is  not  necessary  to  discuss  these  sets  separately.  The 
percentages  of  iron  in  FeJOs  are  ^  follows : 

70.013 

69.962 

69.979    )-A. 

70.030 

69.977 


70.044 
70.015 
70.055 


B. 


Mean,  70.0094,  i  .0080 

In  1850  Maumen6'st  results  appeared.  He  dissolved  pure  iron  wire 
in  aqua  regia,  precipitated  with  ammonia,  filtered  off  the  precipitate, 
washed  thorouf];hly,  ignited,  and  weighed,  after  the  usual  methods  of 
quantitative  analysis.  The  percentages  of  Fe  in  Fe,Oj  are  given  in  the 
third  column : 

1.482  grm.  Fe  gave  2. 117  grm.  Fe,Oj. 


1.452 

2.074 

1.3585 

I.94I 

1.420     ** 

2.0285 

1.492 

2.I3I5 

1.554 

2.220 

70.005  per  c 

70.010 

(t 

69.990 

(f 

70.002 

(i 

69.998 

f  i 

70.000 

M 

Mean,  70.0008,  rb  .0019 


•  Journ.  fur  Prakt.  Chcm.,  33,  1.     1844. 
tCompt.  Reud.,  Oct.  17,  1850. 
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Two  more  results,  obtained  by  Rivot  *  through  the  reduction  of  ferric 
oxide  in  hydrogen,  remain  to  be  noticed.    The  percentages  are : 

69.31 
69.35 


Mean,  69.33,  zfc  .013 

We  have  thus  before  us  six  series  of  results,  which  we  may  now  com- 
bine: 

Berzc)ius 70.020,    ±  .0013 

Erdmann  and  Marchand 70.0094,  db  .0080 

Svanberg  and  Norlin,  oxidation 69.9534,  db  .0050 

Svanberg  and  Norlin,  reduction 70.0354,  +  .0055 

Maumen^ 70.0008,  ±  .0019 

Rivot ., 69.33,      ±i  .0'3 

General  mean 70.0075,  ±  .0010 

From  this  we  get  Fe  =  55.596. 

Dumas'  f  results,  obtained  from  the  chlorides  of  iron,  are  of  so  little 
weight  that  they  might  safely  be  omitted  from  our  present  discussion. 
For  the  sake  of  completeness,  however,  they  must  be  included. 

Pure  ferrous  chloride,  ignited  in  a  stream  of  hydrochloric  acid  gas, 
was  dissolved  in  water  and  titrated  with  a  silver  solution  in  the  usual 
way.  One  hundred  parts  of  silver  are  equivalent  to  the  amounts  of  FeCl, 
given  in  the  third  column  : 

3.677  grm.  FcCl,  =  6.238  grm.  Ag.  58-945 

3.924  "  =6.675         "  58.787 

Mean,  58.866,  db  .053 

Ferric  chloride,  titrated  in  the  same  way,  gave  these  results : 

1. 179  grm.  FeCl,  =  2.3475  gnn.  Ag.  50.224 

1.742  **  =2.471  "  50.263 

Mean,  00.2435,  db  .0132 
These  give  us  two  additional  values  for  Fe,  as  follows : 

From  FeCl, Fe  =  55-742 

From  FeClj **  =  55-907 

A  series  of  determinations  of  the  equivalent  of  iron,  made  by  students 
by  measuring  the  hydrogen  evolved  when  the  metal  is  dissolved  in  an 
acid,  was  published  by  Torrey  in  1888.J    The  data  have,  of  course,  slight 

*  Ann.  Chem.  Pharm.,  78,  214.  1851. 
t  Ann.  Chcni.  Pharm..  113,  26.  i860. 
$  Am.  Chem.  Journ.,  10,  74. 
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value,  but  may  be  considered  as  being  in  some  measure  confirmatory. 

They  are  as  follows : 

56.40 
55.60 
55.3» 
55.56 
55.48 

55.50 
55.86 
56.06 
56.22 
55.80 
55.78 
55.60 
55.70 
55.94 

Mean,  55777.  ±  .0532 

These  values  undoubtedly  depend  on  Regnault's  value  for  the  weight 
of  hydrogen.  Correcting  by  the  later  value,  as  found  in  the  chapter  of 
this  work  relating  to  the  density  ratio  H  :  0,  the  mean  becomes  Fe  =» 
55.608,  ±  .0532.  Here  the  probable  error  in  the  weight  of  the  hydrogen 
is  ignored,  as  being  of  no  practical  significance. 

The  four  ratios  for  iron  are  now  as  follows: 

(i.)  Per  cent.  Fe  in  Fe,0„  70.0075,  zt  .0010 
(2.)  Ag,  :  FeCl,  :  :  100  :  58.866,  d=  .0530 
(3.)  Ag,  :  FcG,  :  :  100  :  5o.2435i  ^  .0132 
(4.)  H:Fe::  1:55.608,^.0532 


Reducing  these  with — 


O  =   15.879,^.0003 

Ag=  107.108,  ±.0031 

ci  =  35.179,^.0048 


we  have — 


From  (I) Fe  =  55.59^,  ±  .0023 

From  (2) **  =55.742,  it  .1140 

From  (3) **  =  55.907,  ±  .0450 

From  (4) «*  =  55.608,  ±  .0532 

General  mean Fe  =  55.597,  db  .0023 

If  0  =  16,  then  Fe  =  56.021.    Here  all  the  values  are  absorbed  prac- 
tically by  the  first,  the  other  three  having  no  real  significance. 
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NICKEL  AND  COBALT. 

On  account  of  the  close  similarity  of  these  metals  to  each  other,  their 
atomic  weights,  approximately  if  not  actually  identical,  have  received 
of  late  years  much  attention. 

The  first  determinations,  and  the  only  ones  up  to  1852,  were  ipade  by 
Rothhoff,*  each  with  but  a  single  experiment.  For  nickel  188  parts  of 
the  monoxide  were  dissolved  in  hydrochloric  acid ;  the  solution  was 
evaporated  to  dryness,  the  residue  was  dissolved  in  water,  and  precipi- 
tated by  silver  nitrate.  718.2  parts  of  silver  chloride  were  thus  formed ; 
whence  Ni  =  58.613.  The  same  process  was  applied  also  to  cobalt,  269.2 
parts  of  the  oxide  being  found  equivalent  to  1029.9  of  AgCl ;  hence  Co  = 
58.504.  These  values  are  so  nearly  equal  that  their  differences  were 
naturally  ascribable  to  experimental  errors.  They  are,  however,  entitled 
to  no  special  weight  at  present,  since  it  cannot  be  certain  from  any  evi- 
dence recorded  that  the  oxide  of  either  metal  was  absolutely  free  from 
traces  of  the  other. 

In  1852  Erdmann  and  Marchand  t  published  some  results,  but  with- 
out details,  concerning  the  atomic  weight  of  nickel.  They  reduced  the 
oxide  by  heating  in  a  current  of  hydrogen,  and  obtained  values  ranging 
from  58.2  to  58.6,  when  0  =  16.  Their  results  were  not  very  concordant, 
and  the  lowest  was  probably  the  best. 

In  1856,  incidentally  to  other  work,  Deville  X  found  that  100  parts  of 
pure  metallic  nickel  yielded  262  of  sulphate ;  whence  Ni  =  58.854. 

To  none  of  the  foregoing  estimations  can  any  importance  now  be  at- 
tached. The  modern  discussion  of  the  atomic  weights  under  considera- 
tion began  with  the  researches  of  Schneider  §  in  1857.  This  chemit^t 
examined  the  oxalates  of  both  metals,  determining  carbon  by  the  com- 
bustion of  the  salts  with  copper  oxide  in  a  stream  of  dry  air.  The  carbon 
dioxide  thus  formed  was  collected  as  usual  in  a  potash  bulb,  which,  in 
weighing,  was  counterpoised  by  a  similar  bulb,  so  as  to  eliminate  errors 
due  to  the  hygroscopic  character  of  the  glass.  The  metal  in  each  oxalate 
was  estimated,  first  by  ignition  in  a  stream  of  dry  air,  followed. by  intense 
heating  in  hydrogen.  Pure  nickel  or  cobalt  was  left  behind  in  good  con- 
dition for  weighing.  Four  analyses  of  each  oxalate  were  made,  with  the 
results  given  below.  The  nickel  salt  contained  three  molecules  of  water, 
and  the  cobalt  salt  two  molecules : 

*  Cited  by  Berzelius.    Foggend.  Annalen,  8, 184.    1826. 
t  Journ.  fOr  Prakt.  Chem.,  55,  aoi.    185a. 
t  Ann.  Chim.  Phya.  (3),  46,  182.    1856. 
fPoggend.  Annalen,  loi,  587.    1857. 
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NiC^0,.3^^0. 

1. 1945  gnn.  gave  .528  grm.  CO,. 

44.203  per  cent 

2.5555    **    1. 1 2625   " 

44.072   - 

3.199    "    1.408 

44.014   •« 

5.020    "    2.2r4    *' 

44.104   •* 

Mean,  44.098,  d=  .027 

The  following  percentages  of  nickel  were  found  in  this  salt : 

29. 107 
29.082 
29.066 
29.082 


Mean,  29.084,  ±,  .006 


CoCt0^.2H^O. 

1.6355  ff™'  gave  .781   grm.  CO,.  47.753  P«'  cent. 

47.832       " 

47.683      " 

"  47.722      " 


1. 107 

l( 

.5295 

2.309 

i« 

I.IOI 

3.007 

(« 

1.435 

Mean,  477475,  ±  0213 

The  following  were  the  percentages  found  for  cobalt : 

32.552 
32.619 
32.528 
32.523 


Mean,  325555.  ±  .0149 

In  a  later  paper*  Schneider  also  gives  some  results  obtained  with  a 
nickel  oxalate  containing  but  two  molecules  of  water.  This  gave  him 
47.605  per  cent,  of  CO,,  and  the  following  percentages  of  nickel : 

3«.4i'5 
31.4038 


Mean,  31.4076,  4^  .0026 

The  conclusion  at  which  Schneider  arrived  was  that  the  atomic  weights 
of  cobalt  and  nickel  are  not  identical,  being  about  60  and  58  respectively. 
The  percentages  given  above  will  be  discussed  at  the  end  of  this  chapter 
in  connection  with  all  the  other  data  relative  to  the  constants  in  ques- 
tion. 

The  next  chemist  to  take  up  the  discussion  of  these  atomic  weights 
was  Marignac,  in  1858.t    He  worked  with  the  chlorides  and  sulphates 

*Pofi:g^end.  Annalen,  107,  616. 

t  Arch,  des  Sci.  Phys  ct  Nat.  (nouv.  serie),  i,  372.    1858. 
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of  nickel  and  cobalt,  using  various  methods,  but  publishing  few  details, 
as  he  did  not  consider  the  determinations  final.  The  sulphates,  taken 
as  anhydrous,  were  calcined  to  oxides.  From  the  ratio  NiSO^ :  NiO,  he 
found  Ni  =  58.4  to  69.0,  and  from  five  measurements  of  the  ratio 
CoSO^ :  Co,  Co  =  58.64  to  58,76.  If  oxygen  is  taken  as  16,  these  give  for 
the  percentages  of  oxide  in  sulphate : 

CoO  in  CoSO^.  NiO  in  NiSO^. 

48.267  48.187 

48.307  48.387 


Mean,  48.287,  ±  .0135  Mean,  48.287,  rh  .0675 

The  chlorides  were  dried  at  100°,  but  found  to  retain  water ;  and  in 
most  cases  were  then  either  fused  in  a  stream  of  chlorine  or  of  dry, 
gaseous  hydrochloric  acid,  or  else  calcined  gently  with  ammonium 
chloride.  The  determinations  were  then  made  by  titration  with  a 
standard  solution  of  silver  in  nitric  acid.  Three  experiments  with  an- 
hydrous CoCl,  gave  Co  =  58.72  to  58.84.  Three  more  with  CoCl,  dried 
at  100°  gave  Co  =  58.84  to  59.02.  Three  with  anhydrous  NiCl,  gave 
Ni  =  58.80  to  59.00.  If  the  calculations  were  made  with  Ag  =s  108  and 
CI  B=s  35.5,  then  these  data  give  as  proportional  to  100  parts  of  silver : 

NiCl^.  CoCU. 

60.093  60.056 

60.185  60.1 1 1 


60. 1 1 1 

Mean,  60.139,  ±  .0310  60.194 


Mean,  60.118,  db  .0192 

In  one  more  experiment  NiCl,  was  precipitated  with  a  known  quan- 
tity of  silver.  The  filtrate  was  calcined,  yielding  NiO ;  hence  the  ratio 
Ag, :  NiO,  giving  Ni  =s  59.29.  This  experiment  needs  no  farther  atten- 
tion. 

In  short,  according  to  Marignac,  and  contrary  to  Schneider's  views, 
the  two  atomic  weights  are  approximately  the  same.  Marignac  criticises 
Schneider's  earlier  paper,  holding  that  the  nickel  oxalate  may  have  con- 
tained some  free  oxalic  acid,  and  that  the  cobalt  salt  was  possibly  con- 
^taminated  with  carbonate  or  with  basic  compounds.  In  his  later  papers 
Schneider  rejects  these  suggestions  as  unfounded,  and  in  turn  criticises 
Marignac.  The  purity  of  anhydrous  NiS04  is  not  easy  to  guarantee,  and, 
according  to  Schneider,  the  anhydrous  chlorides  of  cobalt  and  nickel  are 
liable  to  be  contaminated  with  oxides.  This  is  the  case  even  when  the 
chlorides  are  heated  in  chlorine,  unless  the  gas  is  carefully  freed  from 
all  traces  of  air  and  moisture. 
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Dumas'  *  determinations  of  the  two  atomic  weights  were  made  with 
the  chlorides  of  nickel  and  cobalt.  The  pure  metals  were  dissolved  in 
aqua  regia,  the  solutions  were  repeatedly  evaporated  to  dryness;  and  the 
residual  chlorides  were  ignited  in  dry  hydrochloric  acid  gas.  The  last 
two  estimations  in  the  nickel  series  were  made  upon  NiCl,  formed  by 
heating  the  spongy  metal  in  pure  chlorine.  In  the  third  column  I  give 
the  NiCl,  or  CoCl,  equivalent  to  100  part«  of  silver : 


.9123  grm.  NiCl, 

=  i.S»S  grm.  Ag. 

60.218 

2.29s 

3.81  IS 

«i 

60.212 

3.290 

5.464 

(( 

60.212 

1.830 

3.041 

t( 

60.178 

3.001 

4.987 

ii 

60.176 

Mean,  60.1992 

2  352  grm.  CoCl,  = 

=  3.903s  Srm-  Ag. 

60.254 

4.210     ** 

6.990 

<t 

60.229 

3.592 

S.960 

(« 

60.268 

2.492 

4.1405 

<( 

60.186 

4.2295 

7.0255 

(« 

60.202 

Mean,  60.2278,  ±:  .oil 

These  results  give  values  for  Co  and  Ni  differing  by  less  than  a  tenth 
of  a  unit ;  here,  as  elsewhere,  the  figure  for  Ni  being  a  trifle  the  lower. 
Combining  these  data  with  Marignac's,  we  have — 

Marignac 60. 139,  :fc  .0310 

Dumas 60. 199,  ±  .0062 

General  mean    60. 194,  db  .0061 

y^^a  •  CoClf  :  :  fOO  :  X. 

Marignac 60. 1 18,  db  .0192 

Dumas 60  228,  ±  .01 10 

General  mean 60.200,  d=  .0095 

In  1863 1  the  idea  that  nickel  and  cobalt  have  equal  atomic  weights 
was  strengthened  by  the  researches  of  Russell.  He  found  that  the  black 
oxide  of  cobalt,  by  intense  heating  in  an  atmosphere  of  carbon  dioxide, 
became  converted  into  a  brown  monoxide  of  constant  composition.  The 
ordinary  oxide  of  nickel,  on  the  other  hand,  was  shown  to  be  convert- 
ible into  a  definite  monoxide  by  simple  heating  over  the  blast  lamp. 
The  pure  oxides  of  the  two  metals,  thus  obtained,  were  reduced  by 
ignition  in  hydrogen,  and  their  exact  composition  thus  ascertained. 

•Ann.  Chcra.  Pharm.,  113.  25.     i860, 
t  Journ.  Chem.  Soc.  (a),  1,  51.    1863. 
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Several  samples  of  each  oxide  were  taken,  yielding  the  following  data. 
The  separate  samples  are  indicated  by  lettering  : 


NiO, 


Nickel. 


Ni. 

Per  cent,  NL 

1.6364 

78.597 

1.6468 

78.584 

1.5838 

78.608 

1.7342 

78.581 

1.7952 

78.589 

1. 6761 

78.583 

1.79" 

78.616 

1.6845 

78.590 

1.9030 

78.588 

1.7179 

78.590 

1.5788 

78.594 

1.6379 

78.597 

2.0873 

78.588 

Cohali. 


MeaD,  78.593,  ±.0018 


CoO, 

Co, 

Percent  Co, 

'2. 12 1 1 

2.0241 

^'  I  2.1226 

i.9947 

1.6670 

78.591 

1.5907 

78.588 

1.6673 

78.550 

1.5678 

78.598 

.3.0628 

2.4078 

78.614 

'2. 1 167 

1.6638 

78.603 

B.  -J  1.7717 

1.3924 

78.591 

.1.7852 

1.4030 

78.591 

(  2.2076 

1.3264 

78.588 

1.7350 

78.592 

(2.I46I 

2. 1 104 

78.597 

1.6868 

78.598 

(3.4038 

2.6752 

78.59s 

E.  I  2.2778 

1.7901 

78.589 

(2.1837 

1. 7163 

78.596 

Mean,  78.592,  ±  .0023 

These  percentages  are  practically  identical,  and  lead  to  essentially  the 
same  mean  value  for  each  atomic  weight. 

In  a  later  paper  Russell*  confirmed  the  foregoing  results  by  a  difierent 
process.  He  dissolved  metallic  nickel  and  cobalt  in  hydrochloric  acid 
and  measured  the  hydrogen  evolved.  Thus  the  ratio  between  the  metal 
and  the  ultimate  standard  was  fixed  without  the  intervention  of  any 
other  element.    About  two-tenths  of  a  gramme  of  metal,  or  less,  was 

*  Journ.  Chem.  Soc.  (3),  7,  494.    1867. 
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taken  in  each  experiment.  The  data  obtained  were  as  follows ;  the  last 
column  giving  the  weight  of  hydrogen,  computed  from  its  volume, 
yielded  by  100  parts  of  cobalt  or  nickel : 


A.-l 


WL  Nt, 

f.0906 

.1017 

.1990 

.0997 

.1891 

.1859 

..1838 

r.1892 

B.  i  .1806 

(^.2026 

c.    .1933 

r.1890 

D, -^  .1942 

(.1781 


Nickel, 

VoLHincc, 
153.62 
172.32 
337.06 
168.93 
319.86 
314.7s 
3".25 
3>8.7S 
305.28 

333.81 
325.93 
319.77 
328.15 
301.09 


Ratio, 

3.420 
3.418 
3416 
3.4t7 
3.412 

3.415 
3.4«6 

3.398 
3.409 
3.404 
3-40I 
34*2 
3.408 
3.410 


Mean,  3.41 1,  zb  .001 

CohaU. 

WL  Co. 

VoLHincc. 

Ratio. 

.1958 

321.36 

3-395 

.1905 

312.9s 

3.398 

,  •* 

.1946 

319.63 

3.397 

,.2002 

328.96 

3.398 

.1996 

328.43 

3.403 

.  I  .2000 

329.5s 

3.401 

..1721 

290.17 

3.401 

,   f.1877 
"      .1935 

308.97 

3.404 

318.60 

3.405 

>   r'909 

314.73 

3.410 

1.1834 

30540 

3.407 

Mean,  3.4017,  dr  .0009 

The  weight  of  the  hydrogen  in  these  determinations  was  doubtless 
computed  from  Regnault's  data  concerning  the  density  of  that  gas.  Cor- 
recting by  the  new  value  for  the  weight  of  a  litre  of  hydrogen,  .089872 
gramme,  the  ratios  become: 

For  nickel  3.4211,  d=  .0010 

For  cobalt 3.41 12,  ±.  .0009 

Some  time  after  the  publication  of  Russell's  first  paper,  but  before  the 
appearance  of  his  second,  some  other  investigations  were  made  known. 
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Of  these  the  first  was  by  Sommaruga,''^  whose  results,  obtained  by  novel 
methods,  closely  confirmed  those  of  Schneider  and  antagonized  those 
of  Dumas,  Marignac,  and  Russell.  The  atomic  weight  of  nickel  Som- 
maruga  deduced  from  analyses  of  the  •  nickel  potassium  sulphate, 
K,Ni(S0,),.6H,0,  which,  dried  at  100°,  has  a  perfectly  definite  compo- 
sition. In  this  salt  the  sulphuric  acid  was  determined  in  the  usual  way 
as  barium  sulphate,  a  process  to  which  there  are  obvious  objections.  In 
the  third  column  are  given  the  quantities  of  the  nickel  salt  proportional 
to  100  parts  of  BaSO, : 


0.9798 1 

grm.  gave 

1.0462  1 

jrm.  BaSO^. 

93.653 

1. 0537 

1.1251 

93.654 

1.0802 

'.1535 

93.645 

I. 1865 

1.2669 

93.654 

3.2100 

3.4277 

93649 

3.2124 

3.4303 

93.648 

Mean,  93.6505,  rfc  .001 

For.  cobalt  Sommaruga  used  the  purpureocobalt  chloride  of  Gibbs 
and  Genth.  This  salt,  dried  at  110"^,  is  anhydrous  and  stable.  Heated 
hotter,  CoCl,  remains.  The  latter,  ignited  in  hydrogen,  yields  metallic 
cobalt.  In  every  experiment  the  preliminary  heating  must  be  carried 
on  cautiously  until  ammoniacal  fumes  no  longer  appear : 


.6656  grm.  gave 

.1588  grm. 

Co. 

23.858  per  cent. 

I.0918 

.2600 

23.814   " 

.9058 

.2160 

23.846   - 

1.5895 

.3785 

23.813   " 

2.9167 

.6957 

23.847   " 

1.8390 

.4378 

23.806   " 

2.5010 

.5968 

M 

Mean 

23.808   ** 

,  23.827,  ±  .006 

Further  along  this  series  will  be  combined  with  a  similar  one  by  Lee. 
It  may  here  be  said  that  Sommaruga's  paper  was  quickly  followed  by 
a  critical  essay  from  Schneider ,t  endorsing  the  former's  work  and  object- 
ing to  the  results  of  Russell. 

In  1867  still  another  new  process  for  the  estimation  of  these  atomic 
weights  was  put  forward  by  Winkler,  J  who  determined  the  amount  of 
gold  which  pure  metallic  nickel  and  cobalt  could  precipitate  from  a 
neutral  solution  of  sodio-auric  chloride. 

In  order  to  obtain  pure  cobalt  Winkler  prepared  purpureocobalt 
chloride,  which,  having  been  four  or  five  times  recrystallized,  was  ignited 
in  hydrogen.  His  nickel  was  repeatedly  purified  by  precipitation  with 
sodium  hypochlorite.    From  material  thus  obtained  pure  nickel  chloride 

•  Sitzungsb.  Wicn.  Akad..  54,  2  Abth.,  50.    1866. 
t  Poggend.  Annalen,  130,  310. 
t  Zeit.  Anal.  Chem.,  6,  tS.    1867. 


.9666 

<< 

45.»79 

I.I4S7 

(1 

45.291 

1.3286 

Mean 

45.175 

,  45.209,  ±  .019 

1-3045  gr™.  io\d. 

45.151 

.6981 

it 

45.080 

1. 2913 

<( 

45.141 

1.1312 

i( 

45.182 

1.^2848 

(1 

45.307 

1.241 

<( 

45 .  044 — Wesclsky. 

Mean 

,  45.i5»,  ±.025 
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was  prepared,  which,  after  sublimation  in  dry  chlorine,  was  also  reduced 
by  hydrogen.  One  hundred  parte  of  gold  are  precipitated  by  the  quanti- 
ties of  nickel  and  cobalt  given  in  the  third  columns  respectively.  In  the 
cobalt  series  I  include  one  experiment  by  Weselsky,  which  was  published 
by  him  in  a  paper  presently  to  be  cited : 

•4360  grm.  nickel  precipitated  .9648  grm.  gold.        45.191 

.4367 

.5189 

.6002        •* 


3«47 
.5829 
.5111 
.5821 

.559 


Weselsky's  paper,*  already  quoted,  relates  only  to  cobalt.  He  ignited 
the  cobalticyanides  of  ammonium  and  of  phenylammonium  in  hydrogen, 
and  from  the  determinations  of  cobalt  thus  made  deduced  its  atomic 
weight.     His  resulte  are  as  follows : 

•7575  grm.  (NH^),Co,Cyi,  gave  .166  grm.  Co.         21.914  per  cent. 
.5^43  "  ."3        "  21.972      ** 

Mean,  21.943,  ±.029 

•8529  grm.  (CjHgN)jCo,Cyi,  gave  .  loio  grm.  Co.  1 1 .842  per  cent. 

.6112  **  .0723    "  11.829   ** 

.7140  "  .0850    "  11.905   " 

.9420  **  .1120    **  11.890   ** 

Mean,  11.8665,  ^=.0124 

Next  in  order  is  the  work  done  by  Lee  t  in  the  laboratory  of  Wolcott 
Gibbs.  Like  Weselsky,  Lee  ignited  certain  cobalticyanides  and  also 
nickelocyanides  in  hydrogen  and  determined  the  residual  metal.  The 
double  cyanides  chosen  were  those  of  strychnia  and  brucia,  salte  of  very 
high  molecular  weight,  in  which  the  percentages  of  metal  are  relatively 
low.  A  series  of  experimente  with  purpureocobalt  chloride  was  also 
carried  out.  In  order  to  avoid  admixture  of  carbon  in  the  metallic  resi- 
dues, the  salts  were  first  ignited  in  air,  and  then  in  oxygen.  Reduction 
by  hydrogen  followed.  The  salts  were  in  each  case  covered  by  a  porous 
septum  of  earthenware,  through  which  the  hydrogen  diffused,  and  which 
served  to  prevent  the  mechanical  carrying  away  of  solid  particles ;  fur- 

*  Ber.  d.  Deutsch.  Chem.  Gesell., «,  59a.    1868. 
t  Am.  Journ.  Sci.  and  Arts  (3),  2.  44.    1871. 
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thermore,  heat  was  applied  from  above.  The  results  attained  were  very 
satisfactory,  and  assign  to  nickel  and  cobalt  atomic  weights  varying  from 
each  other  by  about  a  unit ;  Ni  being  nearly  58,  and  Co  about  59,  when 
O  =  16.  The  exact  figures  will  appear  later.  The  cobalt  results  agree 
remarkably  well  with  those  of  Weselsky.  The  following  are  the  data 
obtained : 

Brucia  nickelocyanide,  Ni^Oy^J!^C^H^Nfi^^H^,10H^O. 

Salt.  Ni.  Percent  Ni. 

.3966  .0227                                5.724 

.5638  .0323                                5.729 

.4000  .0230                                5.750 

'i^z^  .01795  5.733 

.4412  .0252  5.712 

.4346  .0249  5.729 


Mean,  5.7295,  ±  .0034 

Strychnia  nickelocyanide,  iVif,C^„(C„-ff,^,0,)e-H;.<9-H,0. 
Salt.  Ni.  Percent.  Ni. 

.5358  .0354  6.607 


.5489 

.0363 

6.613 

.3551 

.0234 

6.589 

.4495 

.0297 

6.607 

.2530 

.0166 

6.561 

.1956 

.0129 

6.595 
Mean,  6.595,  ±  .005 

Brucia  cobalticyanide,  Co^C!y^JiC^H^N^0;)^H^.20Hfi. 

Salt. 

Co. 

Percent.  Co. 

.4097 

.0154 

3.759 

.395 » 

.0147 

3.720 

.5456 

.0204 

3.739 

.4402 

.0165 

3.748 

.4644 

.0174 

3.747 

.4027 

.0151 

3.749 

Mean,  3.7437,  ±  .003 

^rychnia 

eobaUicyanide,  Co,Cy,JiC,,H„N,0,\H^.8Hfi. 

Salt. 

Co. 

Percent.  Co. 

.4255 

.0195 

4.583 

.4025 

.0185 

4.596 

.3733 

.0170 

4.554 

.4535 

.0207 

4.564 

.2753 

.0126 

4.577 

.1429 

.0065 

4.549 
Mean,  4.5705,  d=  .005 
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Purpureo-cobaU  chloride^  Cb,(JVHi),oC7,. 

Sdii.  Co.  Percent,  Co. 

.9472  .2233  23.575 

.8963  .2100  23.587 

.6084  .1435  23.586 

.6561  .1547  23.579 

.6988  .1647  23.569 

.7010  .1653  23.581 

Mean,  23.5795,  ±  .0019 
The  last  series  may  be  combined  with  Sommaruga's,  thus : 

Sommaruga 23.817,    db  .006 

L«« 23.5795,  zfc  .0019 

General  mean ,  23.6045,  db  .0018 

Baubigny's  *  determinations  of  the  atomic  weight  of  nickel  are  limited 
to  two  experiments  upon  the  calcination  of  nickel  sulphate,  and  his  data 
are  as  follows : 

6.2605  grm.  Ni.SO^  gave  3.0225  NiO.  48.279  per  cent. 

4.4935  **  2.1695     *•  48.281       *' 

Mean,  48.2S0 

Zimmermann's  work,  published  after  his  death  by  Kriiss  and  Alibe- 
goflf,t  was  based,  like  Russell's,  upon  the  reduction  of  cobalt  and  nickel 
oxides  in  hydrogen.  The  materials  used  were  purified  with  great  care, 
and  the  results  were  as  follows : 

Nickd. 


NiO, 

Ni. 

Percent,  Ni, 

6.0041 

4.7179 

78.578 

6.4562 

50734 

78.582 

8.5960 

.  6.7552 

78.585 

4.7206 

3.7096 

78.583 

8.2120 

6.4536 

78.587 

9.1349 

7.1787 

78.585 

10.0156 

7.8702 

78.579 

4.6482 

3.6526 

78.580 

8. 93"  5 

7.0184 

78.580 

10.7144 

8.4196 

78.582 

3.0036 

2.3602 

78.579 
Mean,  78.582,  db  .0006 

•  Compt.  Rend.,  97,  951.    1883. 
t  Ann.  der  Chem.,  332,  324.    1886. 
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CobaU. 


CoO. 

Co. 

Percent.  Co 

6.3947 

5.0284 

78.634 

6.6763 

S.2501 

78.638 

5.6668 

4.4560 

78.633 

2.9977 

2.3573 

78.637 

8.7446 

6.8763 

78.635 

3.262s 

2.5655 

78.636 

6.3948 

5.0282 

78.630 

8.2156 

6.4606 

78.638 

9.4842 

7.4580 

78.636 

9.9998 

7.8630 

78.632 

Mean,  78.635,  ±  .0002 

Shortly  after  the  discovery  of  nickel  carbonyl,  NiQO^,  Mond,  Langer, 
and  Quincke*  made  use  of  it  with  reference  to  the  atomic  weight  of 
nickel.  The  latter  was  purified  by  distillation  as  nickel  carbonyl,  then 
converted  into  oxide,  and  that  was  reduced  by  hydrogen  in  the  usual 
way. 

NiO.  Ni.  Per  cent.  Ni. 

.2414  .1896  78.542 

.3186  .2503  78.562 

.3391  -2663  78.531 

Mean,  78.545,  ±.  .0061 

Schutzenberger's  experiments^t  published  in  1892,  were  also  few  in 
number.  First,  nickel  sulphate,  dehydrated  at  440®,  was  calcined  to 
oxide. 

3.505  gnn.  NiSO^  gave  1.690  NiO.  48.217  per  cent. 

2.6008  **  1. 2561    •*  48.297       •* 

Mean,  48.257,  d=  .027 

Second,  nickel  oxide  was  reduced  in  hydrogen,  as  follows : 

1.6865  grm.  NiO  gave  1.3245  Ni.  78.535  per  cent. 

1.2527  "  .9838   "  78.533       '* 

Mean,  78.534 

In  one  experiment  with  cobalt  oxide,  3.491  grm.  gave  2.757  Co,  or 
78.975  per  cent.  In  view  of  the  many  determinations  of  this  ratio  by 
other  observers,  this  single  estimation  may  be  neglected.  The  experi- 
ments on  nickel  sulphate,  however,  should  be  combined  with  those  of 
Marignac  and  Baubigny,  giving  the  latter  equal  weight  with  Schutzen- 
berger's, thus: 

•  Joum.  Chem.  Soc.,  57,  753.    1890. 
tCompt.  Rend.,  X14, 1149.    1893. 
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Martgnac 4S.287,  db  .067s 

Baubigny 48.280,  rh  .027 

Schutzenberger 48.257,  ±  .027 

General  mean ....    48.269,  dc  .018 


From  this  point  on  the  determination  of  these  atomic  weights  is  com- 
plicated by  the  questions  raised  by  Kriiss  as  to  the  truly  elementary 
character  of  nickel  and  cobalt.  If  that  which  has  been  called  nickel 
really  contains  an  admixture  of  some  other  hitherto  unknown  element, 
then  all  the  determinations  made  so  far  are  worthless,  and  the  investiga- 
tions now  to  be  considered  bear  directly  upon  that  question.  First  in 
order  comes  Remmler's  research  upon  cobalt.*  This  chemist,  asking 
whether  cobalt  is  homogeneous,  prepared  cobaltic  hydroxide  in  large 
quantity,  and  made  a  series  of  successive  ammoniacal  extracts  from  it, 
twenty-five  in  all.  Each  extract  represented  a  fraction,  from  which,  by 
a  long  series  of  operations,  cobalt  monoxide  was  prepared,  and  the  latter 
was  reduced  in  hydrogen  after  the  manner  of  Russell.  The  actual  deter- 
minations began  with  the  second  fraction,  and  the  data  are  subjoined, 
the  number  of  the  fraction  being  given  with  each  experiment: 

CoO,  Co.  Percent.  Co. 

2 09938  .07837  78.859 

3 15021  .11814  78.650 

4 22062  .17360  78.687 

5 390*  I  .30681  78.647 

6 28820  .22661  78.629 

7 34304  .26968  78.615 

8 43703        .  .34321  78.532 

9 91477  .71864  78.560 

10 63256  .49661  78.508 

n .32728  .25701  78.529 

12 .38042  .29899  78.595 

13 16580  .13027  78.57* 

14 1. 01607  '79873  78.610 

15 i-3«635  1.03545  78.661 

16 9«945  .72315  78.650 

17 53>oo  .41773  78.668 

18 82381  .64728  78.572 

»9 81 139  .63754  78.574 

20 76698  .60292  78.610 

21 M3693  .89412  78.643 

22 2.00259  1.57495  78.646 

23 1.04629  .82185  78.549 

24 48954  .38466  78.576 

25 69152  .54326  78.560 

Mean',  78.613,  db  .0099 

•  Zeit.  Anorg.  Chem.,  2,  221.    Also  more  fully  in  an  Inaugural  Diasertation.  ^rlangen,  1891. 
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Considered  with  reference  to  the  purpose  of  the  investigation,  this 
mean  and  its  probable  error  have  no  real  significance.  But  it  is  very 
close  to  the  means  of  other  experimenters,  and  a  study  of  the  variations 
represented  by  the  several  fractions  seems  to  indicate  fortuity  rather 
than  system.  Remmler  regards  his  results  as  indicating  lack  of  homo* 
geneity  in  his  material ;  but  it  seems  more  probable  that  such  differences 
as  exist  are  due  to  experimental  errors  and  to  impurities  acquired  in  the 
long  process  of  purification  to  which  each  fraction  was  submitted,  rather 
than  to  any  uncertainty  regarding  the  nature  of  cobalt  itself.  For  either 
interpretation  the  data  are  inconclusive,  and  I  therefore  feel  justified  in 
treating  the  mean  like  other  means,  and  in  combining  it  finally  with 
them. 

From  the  same  point  of  view — that  is,  with  reference  to  the  supposed 
heterogeneity  of  nickel — Kriiss  and  Schmidt  *  carried  out  a  series  of  frac- 
tionations of  the  metal  by  distillation  in  a  stream  of  carbon  monoxide. 
Nickel  oxide,  free  from  obnoxious  impurities,  was  first  reduced  to  metal 
by  heating  in  hydrogen,  after  which  the  current  of  carbon  monoxide  was 
allowed  to  flow.  The  latter,  carrying  its  small  charge  of  nickel  tetra- 
carbonyl  was  then  passed  through  a  Winkler's  absorption  apparatus  con- 
taining pure  aqua  regia,  from  which,  by  evaporation,  nickel  chloride  was 
obtained,  and  from  that,  by  reduction  in  hydrogen,  the  nickel.  Ten 
such  fractions  were  successively  prepared  and  studied ;  first,  by  prepa- 
ration of  NiO  and  its  reduction  in  hydrogen  ;  and,  secondly,  in  some 
cases,  by  the  reoxidation  of  the  reduced  metal,  so  as  to  give  a  synthetic 
value  for  the  ratio  Ni :  0.  The  data  obtained  are  as  follows,  the  successive 
fractions  being  numbered : 


Reduction  of  NiO. 

\ 

NiO. 

Ni. 

Percent.  Ni. 

'1  .7471 

.2926 

78.614 

.5870 

78.571 

^  [   .7659 
I  .7606 

.60085 

78.450 

.5961 

78.372 

\  1.0175 

.7984 

78.467 

3.  \  1.263 1 

.99065 

78.430 

(1.2582 

.9868 

78.429 

4.  \    '^'^^ 
'  (  .9200 

.4076 

78.490 

.7215 

78.424 

-  f  .4052 
1  .6518 

.3179 

78.45s 

.5111 

78.414 

6  I  5623 
.  .5556 

•4399 

78.232 

.4350 

78.294 

1  .9831 

.7724 

78.568 

7-j  .9765 

.7646 

78.300 

.  .9^39 

.7557 

78.400 

*  Zeit.  Anorg.  Chem.,  3,  335.    1892. 
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I.      .5870 

^    r.6o,i 

1 .5961 

r.7988 

3-  \  .99»3 

C.9868 

^•{.7216 

1.5111 


I: 


8.i 


{: 


■M: 


44x5 
4350 

775« 
7667 

7558 

4555 
4456 

444x5 

4423 

2508 

2467 

3918 

389X 


.4538 

78.839 

.4451 

78.41  X 

.4438 

78.368 

.4272 

78.400 

.249X 

78.481 

.2467 

•  78.367 

.3904 

78.457 

.3891 

78.432 

Mean,  78.444,  =b  .0166 

Oxidation  of  Ni. 

NiO. 

Per  cent,  Ni. 

.7471 

78.57X 

.7659 

78.372 

.7606 

78.359 

1.0175 

78.506 

I. 2631 

78.482 

1.2582 

78.429 

.5x93 

78.818 

.9200 

78.435 

.4052 

78.825 

.6518 

78.4x4 

.5623 

78.5x7 

.5556 

78.294 

.983X 

78.853 

.9765 

78.5x5 

.9639 

78.4x1 

.5756 

79x35 

.56765 

78.499 

.5663 

78.430 

.5642 

78.394 

.3x74 

79.015 

.3x48 

78.367 

.4976 

78.738 

.4961 

78.432 

Mean,  78.557.  =fc  0319 


To  these  data  of  Kriiss  and  Schmidt  the  remarks  already  made  con- 
cerning Remmler's  work  seem  also  to  apply.  The  variations  appear  to 
be  fortuitous,  and  not  systematic,  although  the  authors  seem  to  think 
that  they  indicate  a  compositeness  in  that  substance  which  has  been 
hitherto  regarded  as  elementary  nickel.  There  is  doubtless  something 
to  be  said  on  both  sides  of  the  question ;  but  if  Kriiss  and  Schmidt  are 
right,  all  previous  atomic  weight  determinations  for  cobalt  and  nickel 
are  invalidated.  In  view  of  all  the  evidence,  therefore,  I  prefer  to  regard 
their  varying  estimations  as  affected  by  accidental  errors,  and  to  treat 
their  means  like  others.    On  this  basis,  their  work  combines  with  previ- 
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ous  work  as  follows,  Schulzenberger's  measurements  of  the  ratio  NiO :  Ni 
being  assigned  equal  weight  with  those  of  Mond,  Langer,  and  Quincke : 

Russell 78.593,  it:  .0018 

Zimmermann 78.582,  db  .0006 

Mond,  Langer,  and  Quincke 78.545,  ifc  .0061 

Schuuenberger 78.534,  ±  .0061 

Kriiss  and  Schmidt,  reduction  series 78.444,  d=  .0166 

Krilss  and  Schmidt,  oxidation  series 78.557,  db  .0319 

General  mean 78.570,  ±  .0006 

In  1889  Winkler  *  published  a  short  paper  concerning  the  gold  method 
for  determining  the  atomic  weights  in  question,  but  gave  in  it  no  actual 
measurements.  In  1893  f  he  returned  to  the  problem  with  a  new  line 
of  attack,  and  at  the  same  time  he  takes  occasion  to  criticise  Kriiss  and 
Schmidt  somewhat  severely.  He  utterly  rejects  the  notion  that  either 
nickel  or  cobalt  contain  any  hitherto  unknown  element,  and  ascribes  the 
peculiar  results  obtained  by  Kriiss  and  Schmidt  to  impurities  derived 
from  the  glass  apparatus  used  in  their  experiments.  For  his  own  part 
he  now  works  with  pure  nickel  and  cobalt  precipitated  electrolytically 
upon  platinum,  and  avoids  the  use  of  glass  or  porcelain  vessels  so  far 
as  possible.  With  material  thus  obtained  he  operates  by  two  distinct 
but  closely  related  methods,  both  starting  with  the  metal,  nickel  or 
cobalt,  converting  it  next  into  neutral  chloride,  and  then  measuring  the 
chloride  gravimetrically  in  one  process,  volumetrically  in  the  other. 

After  precipitation  in  a  platinum  dish,  the  nickel  or  cobalt  is  washed 
with  water,  rinsed  with  alcohol  and  ether,  and  then  weighed.  It  is  next 
dissolved  in  pure  hydrochloric  acid,  properly  diluted,  and  by  evapora- 
tion to  dryness  and  long  heating  to  150°  converted  into  anhydrous  chlo- 
ride. The  nickel  chloride  thus  obtained  dissolves  perfectly  in  water, 
but  the  cobalt  salt  always  gave  a  slight  residue  in  which  the  metal  was 
electrolytically  determined  and  allowed  for.  In  the  redissolved  chloride, 
by  precipitation  with  silver  nitrate,  silver  chloride  is  obtained,  giving  a 
direct  ratio  between  that  compound  and  the  nickel  or  cobalt  originally 
taken.  The  gravimetric  data  are  as  follows,  with  the  metal  equivalent 
to  100  parts  of  silver  chloride  given  in  a  final  column  : 

Nickel 

Ni.  AgCL  Ratio, 

.3011  1.462 1  20.594 

.2242  1. 008 1  20.605 

.5166  2.5108  20.570 

.4879  2.3679  20.605 

.3827  1.8577  20.601 

.3603  i.75'7  20.568 

Mean,  20.590,  ±  .0049 

*  Ber.  Deutsch.  Chem.  Geaell.,  aa,  891.    1889. 
fZeit.  Anorg^.  Chem.,  4,  xo.    iSgj. 
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Cohah. 

Co, 

AgCl, 

Ratio. 

3458 

1.6596 

20.836 

3776 

1.8105 

20.856 

4493 

2.1521 

20.877 

4488 

2.1520 

20.855 

2856 

1.3683 

20.873 

2648 

1.2768 

20.886 

Mean,  20.864,  =h  .0050 

In  the  volumetric  determinations  the  neutral  chloride,  prepared  as 
before,  was  decomposed  by  means  of  a  slight  excess  of  potassium  car- 
bonate, and  in  the  potassium  chloride  solution,  after  removal  of  the 
nickel  or  cobalt,  the  chlorine  was  measured  by  titration  by  Volhard's 
method  with  a  standard  solution  of  silver.  The  amount  of  silver  thus 
used  was  comparable  with  the  metal  taken. 

Kukel. 


Ni. 

Ag. 

Ratio, 

.1812 

.6621260 

27.366 

.1662 

.6079206 

27.339 

2129 

.7775252 

27.382 

.2232 

.8162108 

27.346 

5082 

1.8556645 

27.386 

1453 

.53'504o 
Cohaii. 

27.338 
Mean,  27.^59, 

Co, 

Ag. 

Ratio. 

.177804 

.6418284 

27.702 

263538 

.9514642 

27.699 

245124 

.8855780 

27.679 

190476 

.6866321 

27.741 

266706 

.9629146 

27.696 

263538 

•9503558 

27.731 

Mean,  27.708,  zb  .0064 

In  view  of  the  possibility  that  the  cobalt  chloride  of  the  foregoing  ex- 
periments might  contain  traces  of  basic  salt,  Winkler,  in  a  supplement- 
ary investigation,*  checked  them  by  another  process.  To  the  electrol}'lic 
cobalt,  in  a  platinum  dish,  he  added  a  quantity  of  neutral  silver  sulphate 
and  then  water.  The  cobalt  gradually  went  into  solution,  and  metallic 
silver  was  precipitated.    The  weights  were  as  follows : 

Co,  Ag, 

.2549  .9187 

.4069  1. 4691 

•  Zcit.  Anorg.  Chem.,  4.  462.     1893. 
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On  examination  of  the  silver  it  was  found  that  traces  of  cobalt  were 
retained — less  than  0.5  mg.  in  the  first  determination  and  less  than  0.2 
mg.  in  the  second.  Taking  these  amounts  as  corrections,  the  two  experi- 
ments give  for  the  ratios  Ag, :  Co : :  100 :  x  the  subjoined  values  : 

27.706 
27.687 

These  figures  confirm  those  previously  found,  and  as  they  fall  within 
the  limits  of  the  preceding  series,  they  may  fairly  be  included  in  it,  when 
all  eight  values  give  a  mean  of  27.705,  dr  .0050. 

Still  another  method,  radically  different  from  all  of  the  foregoing  pro- 
cesses, was  adopted  by  Winkler  in  1894.*  The  metals  were  thrown  down 
electrolytically  upon  platinum,  and  so  weighed.  Thien  they  were  treated 
with  a  known  excess  of  a  decinormal  solution  of  iodine  in  potassium 
iodide,  which  redissolved  them  as  iodides.  The  excess  of  free  iodine  was 
then  determined  by  titration  with  sodium  thiosulphate,  and  in  that  way 
the  direct  ratio  between  metal  and  haloid  was  ascertained.  The  results 
were  as  follows,  with  the  metal  proportional  to  100  parts  of  iodine  given 
in  the  third  column : 

CohaU. 


WL  Co. 

IVLL 

Ratio, 

'  .4999 

2.128837 

23.482 

.5084 

2.166750 

23.463 

First  series  . . . .  ^ 

.5290 

2.254335 

23.466 

.6822 

2.908399 

23.456 

..6715 

2.861617 

23.466 

1 

r.5185 

2.209694 

23.465 

Second  scries..  -( 

.5267 

2.246037 

23.450 

( 

..53«9 

2.268736 
Nickel 

23.44s 
Mean,  23.462, 

WL  NL 

IVt.I, 

Ratio. 

'.5144 

2.217494 

23.251 

.4983 

2. 148502 

23.246 

First  series....  -< 

.5265 

2.268742 

23.260 

.6S89 

2.970709 

23.243 

,.6876 

2.965918 

23.237 

.5120 

2.205627 

23.267 

Second  series. .  - 

.5200 

2.240107 

23.267 

..5246 

2.259925 

23.267 

Mean,  23.255,  dr  .0091 

In  these  experiments,  as  well  as  in  some  previous  series,  a  possible 
source  of  error  is  to  be  considered  in  the  occlusion  of  hydrogen  by  the 


•  Zeitsch.  Auorg.  Chem.,  8,  i.    1894. 
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metals.  Accordingly,  in  a  supplementary  paper,  Winkler*  gives  the 
results  of  some  check  experiments  made  with  iron,  which,  however,  was 
not  absolutely  pure.  The  conclusion  is  that  the  error,  if  existent,  must 
be  very  small. 

In  1895  Hempel  and  Thiele's  work  on  cobalt  appeared.f  First,  cobalt 
oxide,  prepared  from  carefully  purified  materials,  was  reduced  in  hydro- 
gen. The  weights  of  metal  and  oxygen  are  subjoined,  with  the  percent- 
age of  cobalt  in  the  oxide  deduced  from  them : 

Co.  O,  Percentage, 

.90068  ^                  .24429                            78.664 

.79159  .21445                            78.686 

i.3'558  -35716                             78.648 

Mean,  78.666,  dt  .0074 

This  mean  combines  with  former  means  as  follows : 

Russell 78.592,  lir  .0023 

Zimmermann 78.635,  ±  .0002 

Remmler 78.613,  i  .0099 

Hempel  and  Thiele 78.666,  ±  .0074 

General  mean 78.633,  dt.  .0002 

In  their  next  series  of  experiments,  excluding  a  rejected  series,  Hempel 
and  Thiele  weighed  cobalt,  converted  it  into  anhydrous  chloride,  and 
noted  the  gain  in  weight.  In  four  of  the  experiments  the  chloride  was 
afterwards' dissolved,  precipitated  with  silver  nitrate,  and  then  the  silver 
chloride  was  weighed.    The  data  are  as  follows  : 


Co. 

CI  Taken  Up 

. 

AgCl. 

.7010 

.8453 

.3138 

.3793 

.2949 

.3562 

1.4340 

.4691 

.5657 

2.2812 

.5818 

.7026 

2^8303 

.5763 

.6947 

.5096 

.6142 

2.4813 

From  these  weights  we 

get 

two  ratios, 

thus  : 

r/, :  Co  :  100 

:  X. 

2Aga 

^  \  Coil  100:  X. 

82.929 

20.565 

82.731 

20.564 

82.791 

20.556 

82.924^ 

20.538 

82.807 

82.957 

Mean, 

20.556,  =b  .0043 

82.970 

t  .0241 

Mean,  82.873,  : 

•  Zcitsch. 

Anorg.  Chem., 

8,  29X.     1895. 

tZcitach. 

Aaorg.  Chem., 

II,  73. 
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The  second  of  these  ratios  was  also  studied  by  Winkler,  and  the  two 
series  combine  as  follows : 

Winkler 20.864,  dt  .0050 

Hempel  and  Thicle 20.556,  dt  .0043 

General  mean 20.687,  ;i=  .0033 

Hempel  and  Thiele  apply  tb  it  a  correction  for  silver  chloride  retained 
in  solution,  but  its  amount  is  small  and  not  altogether  certain.  For 
present  purposes  the  correction  may  be  neglected. 

For  the  atomic  weight  of  nickel  we  now  have  ratios  as  follows : 

(I.)  Per  cent,  of  Ni  in  NiC,04.3H,0,  29.084,  ±  .006 
(2,)  Per  cent,  of  CO,  from  NiC,0^.2HjO,  44.098,  i  .027 
(3.)  Per  cent,  of  Ni  in  NiC,04.2H30,  31.408,  ±  .0026 
{4.)  Per  cent,  of  CO,  from  NiC,04.2H,0,  47.605,  rfc  .053 
(5.)  Per  cent,  of  Ni  in  brucia  nickelocyanide,  5.7295,  dt  .0034 
(6.)  Per  cent,  of  Ni  in  strychnia  nickelocyanide,  6.595,  dz  .005 
(7.)  Per  cent,  of  NiO  in  NiSO^,  48.269,  i  .018 
(8.)  Per  cent,  of  Ni  in  NiO,  78.570,  d=  .0006 
(9O  Ag,  :  NiCl,  :  :  100  :  60.194,  d=  .0061 

(10.)  2AgCl  :  Ni  :  :  lOO  :  20.590,  i  .0049 

(II.)  Ag,  :  Ni :  :  100  :  27.359,  ±  .0059 

(12.)  Au,  :  Nij  :  :  100  :  45.209,  ±  .019 

(13.)  BaSO^  :  K,Ni(S04)a.6H,0  :  :  100  :  93.6505,  4=  .001 

(14.)  Ni  :  H,  :  :  100  :  3.421 1,  ±  .001 

(15.)  I,  :  Ni  :  :  100  :  23.255,  d=  .0091 

To  the  reduction  of  these  ratios  the  following  atomic  and  molecular 
weights  are  applicable : 

O    =  15.879,^1.0003  I       =125.888,  ±.0069 

C    =   11.920,  d=  .0004  K      =  38.817,^.0051 

N    =    13  935,  d:  .0021  Ba      =  136.392,  dt  .0086 

S    =   3»-828,  d=  .0035  Au     =  I95-743*  ±  .0049 

Ag  =  107.108,  d=  .0031  AgCl  =  142.287,  dr  .0037 
CI   =    35. '79,  ±.0048 

Since  the  proportion  of  water  in  the  oxalates  is  not  an  absolutely  cer- 
tain quantity,  the  data  concerning  them  can  be  best  handled  by  employ- 
ing the  ratios  between  carbon  dioxide  and  the  metal.  Accordingly,  ratios 
(1)  and  (2)  give  a  single  value  for  Ni,  and  ratios  (3)  and  (4)  another.  In 
all,  there  are  thirteen  values  for  the  atomic  weight  in  question : 

From  (i)  and  (2) Ni  =  57.614,  zt  .0372 

From(5) "=  57.625,  dr  .0343 

From  (3)  and  (4) "  =  57-635,  ^  .0644 

From  (6) **  =  57-687,  db  .0439 

From  (8) *'  =  58.218,  d=  .0020 

From  (7) "  =  58.268,  ±  .0428 

From  (13) "  =  58.448,  ±  .0206 
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From  (14) Ni  =  58.456,  ±  .0316 

From(i5) **  =58.S5».  ± -O^S' 

From  (9)   *'  =  58.587,  =b  .0179 

From  (10) "  =58.594,  dt  .0141 

From(ii) **  =58.607,  db. 0128 

From  (12) , "  =  58.994,  zt  .0248 

General  mean Ni  =  58.243,  db  .0019 

If  0  =  16,  this  becomes  Ni  =  58.687. 

It  is  quite  evident  here  that  ratio  (8),  which  includes  the  marvelously 
concordant  determinations  of  Zimmermann,  far  outweighs  all  the  other 
data.  Whether  so  excessive  a  weight  can  justifiably  be  assigned  to  one 
set  of  measurements  is  questionable,  but  the  general  mean  thus  reached 
is  not  far  from  midway  between  the  highest  and  lowest  of  the  values,  and 
hence  it  may  fairly  be  entitled  to  provisional  acceptance.  No  one  of  the 
individual  values  rests  upon  absolutely  conclusive  evidence,  so  that  no 
one  can  be  arbitrarily  chosen  to  the  exclusion  of  the  others.  Further 
investigation  is  evidently  necessary. 

For  cobalt  we  have  sixteen  ratios,  as  follows  : 

(i.)  Per  cent,  of  Co  in  CoC204.2H,O,  32.5555,  ±  .0149 
(2.)  Per  cent,  of  CO,  from  CoCj04.2HjO,  47-7475,  =b  .0213 
{3.)  Per  cent,  of  Co  in  CoO,  78.633,  dt  .0002 
(4.)  Per  cent,  of  Co  in  purpureocobalt  chloride,  23.6045,  ±  .0018 
(5.)  Per  cent,  of  Co  in  phenylammonium  cobalticyanide,  11.8665,  d:  .0124 
(6.)  Per  cent,  of  Co  in  ammonium  cobalticyanide,  21.943,  db  .029 
(7.)  Per  cent,  of  Co  in  brucia  cobalticyanide,  3.7437,  zt  .0036 
(8.)  Per  cent,  of  Co  in  strychnia  cobalticyanide,  4.5705,  db  .005 
(9.)  Per  cent,  of  CoO  in  C0SO4,  48.287,  i  .0135 
'     (10.)  Ag,  :  CoCl| :  :  100  :  60.200,  =fc  .0095 

(II.)  lAgCl :  Co  :  :  100  :  20.687,  ±  .0033 

(12.)  Ag,  :  Co  :  :  100  ;  27.705,  d=  .0050 

(13.)  Au,  :  Coj  : :  100  :  4S-»5^  =b  025 

(14.)  Co  :  H,  :  :  100  :  3.4110,  db  .0009 

(15.)  I,  :  Co  :  :  100  :  23.462,  ±  .0027 

(16.)  CI,  :  Co  :  :  100  :  82.873,  ifc  .0241 

From  these,  using  the  atomic  weights  already  cited  under  nickel,  and 
combining  ratios  (1)  and  (2),  we  get — 

From  (16) Co  =  58.308,  rfc  .0187 

From  (9) "  =  58.321,  ±  .0288 

From  (3) "  =  58.437,  ±  .0014 

From  (10) «*  =58.600,  ±.0228 

From  (14) '*  =  58.630,  dt  .0286 

From  (5) **  =  58639,  ±  .0619 

From  (8) "  =  58.696,  d=  .0642 

From  (6) "=58.736,^.0808 

From(4) »'=- 58.774,  ±  .0071 

From  (7)   '*  =  58.791,  =t  ^$66 
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From  (II). Co  =  58.870,  ±,  .0094 

From  (13) "  =  58.920,  dt  .0327 

From  (15) "  =  59.072,  ±  .0075 

From  (12) **  =  S9.349i  ±  .o'o8^ 

From  (i)  and  (2) "  =  59.562,  ±  .0382 

General  mean Co  =  58.487,  ±  .0013 

If  0  =  16,  this  becomes  Co  =  58.932. 

Here  again  the  oxide  ratio,  because  of  Zimmermann's  work,  receives 
excessive  and  undue  weight.  The  arithmetical  mean  of  the  fifteen  values 
is  Co  =  58.781.  Between  this  and  the  weighted  general  mean  the  truth 
probably  lies,  but  the  evidence  is  incomplete,  and  more  determinations 
are  needed. 


RUTHENIUM. 


The  atomic  weight  of  this  metal  has  been  determined  by  Claus  and 
by  Joly.  Although  Claus  *  employed  several  methods,  we  need  only 
consider  his  analyses  of  potassium  rutheniochloride,  KjRuClj.  The  salt 
wa*  dried  by  heating  to  200°  in  chlorine  gas,  but  even  then  retained  a 
trace  of  water.    The  percentage  results  of  the  analyses  are  as  follows : 


/^u, 

2ICCL 

a,. 

28.96 

40.80 

30.24 

28.48 

41.39 

30.22 

28.91 

41.08 

30.04 

Mean,  28.78  41.09  30.17 

Reckoning  directly  from  the  percentages,  we  get  the  following  dis- 
cordant values  for  Ru : 

From  percentage  of  meUl Ru  =  102.451 

From  percentage  of  KCl *'  =  106.778 

From  percentage  of  Clj **  =   96.269 

These  results  are  obviously  of  little  importance,  especially  since  the 
best  of  them  is  not  in  accord  with  the  position  of  ruthenium  in  the 
periodic  system.  The  work  of  Joly  is  more  satisfactory.!  Several  com- 
pounds of  ruthenium  were  analyzed  by  reduction  in  a  stream  of  hy- 
drogen with  the  following  results : 

♦  Journ.  fQr  Prakt.  Chem.,  34,  435.    1845. 
tCompt.  Rend.,  108,  946. 
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First,  reduction  of  RuO,:. 

RuO^,                              Ru.  Percent,  Ru. 

2.1387  1.6267  76.060 

2.5846  1.9658  76.058 

2.3682  1. 8016  J6.075 

2.8849  2.1939  76.046 

Mean,  76.060,  it  .0040 

Second,  reduction  of  the  salt  RuClj,.NO.H,0 : 

Percent,  Ru. 

39.78 
39.66 

Mean,  39.72,  db.  0405 

Third,  reduction  of  RuCl8.N0.2NH,Cl : 

Per  cent.  Ru, 
29.44 
29.47 

Mean,  29.455,  d=  .0101 

Computing  with  0  =  15.879,  ±  .0003 ;  N  =  13.935,  =t  .0021,  and  CI  = 
35.179,  ±.  .0048,  these  data  give  three  values  for  ruthenium,  as  follows: 

1.  From  RuO, Ru  =  100.922,  ±:  ,0178 

2.  From  RuCl,,NO.H,0 **  =  100.967,  dr  .  1 102 

3.  From  RuCl,.N0.2AmCl "  =  100.868,  ±  .0387 

General  mean Ru  =  100.913,  =h  .0160 

If  0  =  16,  Ru=  101.682. 
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Berzelius  *  determined  the  atomic  weight  of  this  metal  by  the  analysis 
of  sodium  and  potassium  rhodiochlorides,  NajRhCl,,  and  K^RhClj.  The 
latter  salt  was  dried  by  heating  in  chlorine.  The  compounds  were  ana- 
lyzed by  reduction  in  hydrogen,  after  the  usual  manner.  Reduced  to 
percentages,  the  analyses  are  as  follows : 


In  Na^RhCl,. 

Rh, 
26.959 
27.229 

sNaCL 

45.853 
45.301 

C/,. 
27.189 
27.470 
27.616 

Mean,  27.094 

Mean,  45.577 
In  K^Rh(\. 

Mean,  27.425 

Rh. 
28.989 

2KCL 
41.450 

a,. 

29.561 

From  the  analyses  of  the  sodium  salt  we  get  the  following  values  for 
Rh: 

From  per  cent,  of  metal Rh  =  104. 191 

From  per  cent,  of  NaCl "  =  102.449 

From  per  cent,  of  CI, •*  =  105. 103 

From  ratio  between  CI,  and  Rh **  =  104.263 

From  ratio  between  NaCl  and  Rh **  =  103.544 

These  are  discordant  figures ;  but  the  last  one  fits  in  fairly  well  with 
the  values  calculated  from  the  potassium  compound,  which  are  as 
follows : 

From  per  cent,  of  metal Rh  ==  103.499 

From  per  cent,  of  KCl "  =  103.648 

.  From  per  cent,  of  Clj **  =  103.485 

From  Rh  :  CI,  ratio **  =  103.495 

From  Rh  :  KCl  ratio "  =  103.540 

Mean Rh  =  103.533 

If  0  =  16,  this  becomes  Rh  =  104.323. 

Jorgensen's  determination,!  so  far  as  I  can  ascertain,  was  published 
only  as  a  preliminary  note,  to  the  effect  that  the  atomic  weight  of  rho- 
dium is  103,  nearly.     No  details  are  given. 

*  Pogrirend.  Annalen,  13,  435.    1828. 

t  Journ.  fQr  Prakt.  Chem.  (2),  27, 486.  * 


314  THE   ATOMIC   WEIGHTS. 

^  Seubert  and  Kobbe  *  determine  the  atomic  weight  by  igniting  rhodium 
pentamine  chloride  in  hydrogen,  and  weighing  the  residual  metal.  Their 
results  are  given  below : 

Rh{NH;\^CU,  Rh,  Percent.  Rh. 

1-8585  .6496  34.953 

'.5560  .5435  34.929 

1.5202  .5310  34.930 

2.01 1 1  .7031  34.961 

1.8674  .6528  34.958 

2-4347  .8513  34965 

2.3849  .8338  34.962 

I  2.5393  .8881  34.974 

1.4080  .4920  34.943 

'1.4654  .5123  34.960 

Mean,  34-954,  ±  .0032 

In  the  sixth  experiment  the  ammonium  chloride  formed  was  collected 
in  a  bulb  tube,  and  estimated  by  weighing  as  silver  chloride.  3.5581 
grms.  of  AgCl  were  obtained. 

Computing  with  N  =13.935,  ±  .0021 ;  CI  =35.179,  ±  .0048,  and  AgCl  = 
142.287,  ±L  .0037,  we  have— 

From  per  cent,  of  metal Rh  ==  102.215,  dr  .0143 

From  AgCl  ratio "  =  102.287,  ±  .0324 

General  mean • Rh  =  102.227,  ±  .0131 

If  0=  16,  Rh  =  103.006. 

In  the  second  of  these  values  the  probable  error  given  is  only  that  due 
to  the  antecedent  atomic  weights  of  N,  C1-,  and  AgCl.  It  is  therefore 
lower  than  it  should  be.  The  two  values,  however,  are  fairly  in  agree- 
ment, and  the  result  is  satisfactory. 

•  Ann.  d.  Chem.,  260,  318.    1890. 
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The  first  work  upon  the  atomic  weight  of  palladium  seems  to  have 
been  done  by  Berzelius.  In  an  early  paper*  he  states  that  100  parts  of 
the  metal  united  with  28.15  of  sulphur.  Hence  Pd  =  113.06,  a  result 
which  is  clearly  of  no  present  value. 

In  a  later  paper  f  Berzelius  published  two  analyses  of  potassium  pal- 
ladiochloride,  K,PdCl^.  The  salt  was  decomposed  by  ignition  in  hydro- 
gen, as  was  the  case  with  the  double  chlorides  of  potassium  with  platinum, 
osmium,  and  iridium.  Reducing  his  results  to  percentages,  we  get  the 
following  composition  for  the  substance  in  question : 

Pd,  2KCL  CU. 

32.726  4.6.044  21.229 

32.65s  45.741  21.604* 

Mean,  32.690  Mean,  45.89^  Mean,  21.416 

From  these  percentages,  calculating  directly,  very  discordant  results 
are  obtained : 

From  percentage  of  metal  Pd  =  106.53 

From  percentage  of  KCI **  =  104. 13 

From  percentage  of  CI,  (loss) **  =  1 10.20  » 

Obviously,  the  only  way  to  get  satisfactory  figures  is  to  calculate  from 
the  ratio  between  the  Pd  and  2KC1,  ieliminating  thus  the  influence  of 
water  in  the  salt.  The  two  experiments  give,  as  proportional  to  100 
parts  of  KCI,  the  following  of  Pd : 

71.075 
7'.39i 
Mean,  71.233,  ±.1066 

Hence  Pd  =  105.419. 

In  1847  Quintus  Icilius  J  published  a  determination,  which  need  be 
given  only  for  the  sake  of  completeness.  He  ignited  potassium  palladio- 
chloride  in  hydrogen,  and  found  the  following  amounts  of  residue.  His 
weights  are  here  recalculated  into  percentages  : 

64.708 
64.965 
64.781 

Mean,  64.818 
Prom  this  mean,  Pd=  111.258.    This  result  has  no  present  value. 

*  Poggend.  Annalen.  8, 177.    i8a6. 
t  Poi^gend.  Annalen,  13,  454.    1828. 

X  **  Die  Atomgewichte  vom  Pd,  K,  CI,  Ag,  C,  und  H,  nach  der  Methode  der  klein^en  Quadrate 
berechnet.*'    Inaug.  Diss.    G6ttingen,  1847.    Contains  no  other  original  analyses. 
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In  1889  Reiser's  first  determinations  of  this  constant  appeared.*  Find- 
ing the  potassium  palladiochloride  to  contain  "  water  of  decrepitation," 
he  abandoned  its  use,  and  resorted  to  palladiaramonium  chloride, 
Pd(NH,Cl)„  as  the  most  available  compound  for  his  purpose.  This 
salt,  heated  in  hydrogen,  yields  spongy  palladium,  which  was  allowed 
to  cool  in  a  current  of  dry  air,  in  order  to  avoid  gaseous  occlusions.  The 
salt  itself  was  dried,  previous  to  analysis,  first  over  sulphuric  acid,  and 
then  in  an  air  bath  at  a  temperature  from  120°  to  130°.  Two  series  of 
experiments  were  made, -the  second  series  starting  out  from  palladium 
produced  by  the  first  series.    The  data  are  as  follows : 


Percent  Pd, 
50.402 
50.391 
50-378 
50.375 
50.370 
50.363 
50.370 
50.369 
50.378 
50.389 
50.380 


First  Series. 

Pd{NH^a\, 

Pd, 

.83260 

.41965 

^ 7263s 

.86992 

1.40280 

.70670 

1.57940 

.79562 

1.89895 

.95650 

1.48065 

.74570 

I.560I5 

.78585 

1.82658 

.92003 

2.40125 

1.20970 

1. 10400 

.55629 

.933 >o 

.47010 

Mean,  50.379,  d=  .0008 


Reduced  to  vacuum  this  becomes  50.360. 


Pd{NH^Cl)^. 

Second  Series. 
Pd, 

Percent  Pd. 

2. 6 1 841 

1.31900 

50.374 

2.23420 

1.12561 

50.381 

1-73553 

.87445 

50.385 

1. 69160 

.85210 

50.372 

1.72403 

.86825 

50.362 

1. 12222 

.56535 

50.378 

I. 17457 

.59200 

50.401 

2.42760 

1.22280 

50.371 

Mean 

,  50.378,  ±  .0028 

Reduced  to 

vacuum 

,  50.359 

The  reductions  to  vacuum  are  neglected  by  Keiser  himself,  but  are  here 
added  in  order  to  secure  uniformity  with  later  results  by  the  same  author. 
The  mean  of  both  series,  thus  corrected,  gives  Pd  =  105.74. 

Bailey  and  Lamb  f  made  experiments  upon  several  compounds  of  pal- 
ladium, but  finally  settled  upon  palladiammonium  chloride,  like  Keiser. 


♦  Am.  Chem.  Journ.,  xi.  398.    1889. 
t  Journ.  Chem.  Soc,  61,  745.    iSga. 
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Two  preliminary  experiments,  however,  with  potassium  palladiochloride 
are  given,  in  which  the  salt  was  reduced  in  hydrogen,  and  both  Pd  and 
KCl  were  weighed.  The  data  are  as  follows,  with  the  ratio  (calculated 
as  with  Berzelius'  experiments)  given  in  a  third  column : 


2KCL 
.90484 

Pd. 

1.05627 

.63738 

Ratio, 
70.528 
70.441 

Mean,  70.485,  d=  .0290 

Hence  Pd  =  104.312. 

The  palladiammonium  chloride  was  studied  by  two  methods.  First, 
weighed  quantities  of  the  salt  were  reduced  in  hydrogen,  the  ammonium 
chloride  so  formed  was  collected  in  an  absorption  apparatus,  and  then 
precipitated  with  silver  nitrate.  The  weights  found  were  as  follows,  with 
the  Pd(NH,Cl),  proportional  to  100  parts  of  silver  chloride  given  in  the 
third  column : 


Pdi,NH^a\, 

AgCl. 

Ratio, 

1.24276 

1.682249 

73.879 

1.08722 

1.468448 

74.040 

1.47666 

2.000164 

73.828 

1.34887 

1.837957 

73.390 

".74569 

2.362320 

73.898 

Mean,  73-8o7,  db  .0742 

Heuce  Pd  =  105.808.  Bailey  and  Lamb  regard  this  as  too  high,  and 
suspect  loss  of  NH4CI  during  the  operation. 

The  second  series  of  data  resemble  Keiser's.  The  salt  was  reduced  in 
hydrogen,  and  the  spongy  palladium  was  weighed  in  a  Sprengel  vacuum. 
The  data  are  as  follows : 


Pd{NH^Cl\. 

Pd, 

Percent,  Pd, 

f  1.890597 
*  I  1.874175 

•947995 

50.143 

.940271 

50.170 

'  1.307076 

.654687 

50.088 

L  < 

1.340045 

.633207 

50.238 

1.905536 

.955950 

50.167 

1 1.685582 

.846472 

50.218 

'  1. 691028 

.849120 

50.213 

2. 1 1 2530 

1.059690 

50.162 

2. I 10653 

1.057910 

50.122 

,1.969100 

.988155 

50.184 

Mean,  50.171,  ±.0099 


Hence  Pd  =  104.943.    Bailey  and  Lamb's  weighings  are  all  reduced 
to  a  vacuum. 
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Keller  and  Smith,*  reviewing:  Reiser's  work,  find  that  palladiam- 
monium  chloride,  prepared  ^  Keiser  prepared  it,  may  retain  traces  of 
foreign  metals,  and  especially  of  copper.  Accordingly,  they  prepared  a 
quantity  of  the  salt,  after  a  thorough  and  elaborate  process  of  purifica- 
tion, dried  it  with  extreme  care,  and  then  determined  the  palladium  by 
electrolysis  in  silver-coated  platinum  dishes.  The  precipitated  palladium 
was  dried  under  varying  conditions,  concerning  which  the  original  me- 
moir must  be  consulted,  and  was  proved  to  be  free  from  occluded  hydro- 
gen. By  this  method  two  sets  of  experiments  were  made  to  determine 
the  atomic  weight  of  palladium ;  but  for  present  purposes  the  two  may 
fairly  be  treated  as  one.  The  data  obtained  are  as  follows,  but  the 
weights  do  not  appear  to  have  been  reduced  to  a  vacuum : 


A. 


Pd{NH^a)r 

Pd, 

PercenL  Pd. 

(  1.29960 

.65630 

50.504 

.  j  1.05430 

.53253 

50.510 

C  1.92945 

.97455 

50509 

'  1.94722 

.98343 

50.504 

1.08649 

.54870 

50.502 

1.28423 

.64858 

50.503 

1.6827s 

.85010 

50.519 

1.69113 

.85431 

50.517 

,1.80805 

.91310 

50.502 

Mean,  50.508,  i  .0014 

Hence  Pd  =  106.368,  a  result  notably  higher  than  Reiser's. 

Keller  and  Smith  account  for  the  difference  between  their  determina- 
tions and  Keiser's  partly  by  the  assumption  that  the  materials  used  by 
the  latter  were  not  pure,  and  partly  by  considerations  based  on  the  pro- 
cess. In  order  to  clarify  the  latter  part  of  the  question  they  made  three 
sets  of  experiments  by  Keiser's  method,  slightly  varying  the  conditions. 
First,  the  chloride  was  not  pulverized  before  ignition,  and  slight  decrepi- 
tation took  place,  while  dark  stains  of  palladium  appeared  in  the  reduc- 
tion tube,  indicating  loss  by  volatilization.  Secondly,  the  chloride  was 
prepared  from  crude  palladium  exactly  as  described  by  Keiser,  but  was 
pulverized  before  reduction.  No  decrepitation  ensued,  but  traces  of  pal- 
ladium were  volatilized.  The  third  series,  also  on  finely  pulverized 
material,  was  like  the  second  ;  but  the  palladiammdhium  chloride  was 
purified  by  Keller  and  Smith's  process.  The  three  series,  here  treated 
as  one,  are  as  follows : 


/V(A7/,a),. 

Pd, 

PercenL  Pd. 

'  .62955 

.3>743 

50.422 

First  scries.. 

I  .77270 

.38942 

50.397 

.83252 

.41918 

50.350 

I  .99055 

.49895 

50.371 

♦Amer.  Chem.  Journ.,  14,  423.    1892. 
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Pd{NH^Cl)^. 

Fd. 

Percent,  jpd. 

'  1.02175 

.51468 

50.372 

1. 10325 

•55590 

50.388 

Second  series..  * 

.66690 
.86840 

.33590 
•43733 

50.367 
50.360 

I. 41430 

.71255 

50.382 

.1.15234 

.58050 

50.376 

.96229 

.48502 

50.403 

Third  series. . .  * 

.97804 
.94253 

.49294 
.47517 

50.401 
5o.4«4 

I   .86090 

.43405 

50.430 
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Mean,  50.388,  ±  .0043 

The  three  series  seem  to  be  fairly  in  aj^reement  between  themselves, 
and  with  Reiser's  work,  but  diverge  seriously  from  the  electrolytic  data. 

Keller  and  Smith  also  attempted  to  determine  the  atomic  weight  of 
palladium  by  heating  the  palladiammonium  chloride  in  sulphuretted 
hydrogen,  and  so  converting  it  into  the  sulphide,  PdS.  ITiese  data  were 
obtained : 


Fd{NH^Cl)r 
.71699 
1.31688 


FdS. 

.86445 


Percent,  CdS. 
65.644 
65-659 


Mean,  65.651,  =h  .0051 


Hence  Pd  =  106.55.  This  result,  however,  is  aflfected  by  the  work  of 
Petrenko-Kritschenko  *  who  has  shown  the  existence  of  the  sulphide 
PdS  to  be  uncertain. 

Joly  and  Leidi6,t  in  their  determinations  of  this  atomic  weight,  re- 
turned to  the  potassium  palladiochloride,  Kl^PdCl^.  In  their  first  series 
of  experiments  the  salt  was  dried  in  vacuo  at  ordinary  temperatures.  It 
was  then  electrolyzed  in  a  solution  acidulated  with  hydrochloric  acid, 
both  the  deposited  palladium  and  the  potassium  chloride  being  weighed. 
The  palladium  was  dried,  ignited  in  a  stream  of  hydrogen,  and  cooled  in 
an  atmosphere  of  carbon  dioxide.  The  results  were  as  follows,  with  the 
column  added  by  me  giving  the  Pd  equivalent  to  100  parts  of  KCl : 
K^PdCl,,  Pd,  2KCI.  Patio. 

1.0255  .3919  .5520  70.996 

1.2178  .3937  .555'  70.924 

I. 2518  .4048  .5687  71.016 

Mean,  70.979,  d=  .0188 

This  series  was  rejected  by  the  authors,  because  the  salt  was  found  to 
contain  water — in  one  case  0.23  per  cent.    This  error,  however,  should 


*  ZtW.  Anorg.  Chem.,  4,  351.    1893. 
tCompt.  Rend.,  116,  X47.    1893. 
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not  invalidate  the  Pd  :  KCl  ratio.     In  a  second  series  the  palladiochlo- 
ride  was  dried  in  vacuo  at  100°,  giving  the  following  data : 

K^PdCU,  Pd,                    2KCI,  Ratio. 

1.363s  .4422          .6186  7».484 

3.0628  .9944         1.3929  71.391 

1.4845  .4816          .6782  71.011 

I.799S  -5838          .8206  7'. 143 


K^PdCl^. 

Pd, 

2.4481 

.7949 

1.8250 

.5930 

Mean,  71.257,  db  .0736 

These  experiments  seem  to  be  less  concordant  than  the  preceding  set. 
It  must  be  noted,  however,  that  the  authors  reject  the  KCl  determina- 
tions and  compute  directly  from  the  ratio  between  the  salt  and  the -metal. 
But  the  ratio  here  chosen  agrees  best  with  the  determinations  made  by 
other  observers,  giving  for  this  series  the  mean  value  Pd  =  105.455,  and 
is,  moreover,  uniform  with  the  data  given  by  Berzelius  and  by  Bailey 
and  Lamb. 

Joly  and  Ijeidi^  also  give  two  experiments  made  by  reducing  the 
KjPdCl^  in  hydrogen,  with  the  subjoined  results  : 

2KCI,  Ratio. 

1.X168  71.177 

.8360  70  933     . 

Mean,  7ioS5,  ±  .0823 

Combining  these  data  with  previous  series,  we  have — 

Berzelius 71.233,  db  .1066 

Bailey  and  Lamb 70.485,  ±  .0290 

Joly  and  Leidi6,  first 70.979,  d=  .0188 

Joly  and  Leidi6,  second 7 '•257,  ±  .0736 

Joly  and  Leidi6,  third 7'.055i  =fc  .0823 

General  mean 70.865,  i  .0150 

In  view  of  the  discordance  among  the  determinations  hitherto  cited 
and  because  of  the  criticisms  made  by  Keller  and  Smith,  Keiscr,  jointly 
with  Miss  Mary  B.  Breed,*  repeated  his  former  work,  with  some  varia- 
tions and  added  precautions  to  ensure  accuracy.  His  general  method  • 
was  the  same  as  before,  namely,  the  reduction  of  palladiaramonium 
chloride  by  a  stream  of  hydrogen.  First,  palladium  was  purified  by 
distillation  as  PdCl,  at  low  red  heat  in  a  current  of  chlorine.  From  this 
chloride  the  palladiammonium  salt  was  then  prepared.  Upon  heating 
the  compound  gently  in  a  stream  of  hydrogen,  decomposition  ensued 
absolutely  without  decrepitation  or  loss  of  palladium  by  volatilization. 
Neither  source  of  error  existed.     The  results  obtained  were  these : 

*  Am.  Chem.  Journ.,  i6,  ao.    1894. 
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Fd{NIi^Cl)r 

Pd. 

Per  cent  Pd. 

1.60842 

.80997 

50.358 

2.08295 

1.04920 

50.371 

2.02440 

1.01975 

50.373 

2.54810 

1.28360 

50.375 

1-75505 

.88410 

Mean, 

50.375 

50.370,  di  .0023 

Reduced  to 

vacuum, 

.  50.351 
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la  a  second  series  of  experiments,  palladium  was  purified  as  in  the 
eariier  investigation,  but  with  special  care  to  eliminate  rhodium,  iron, 
copper,  gold,  mercury,  etc.  The  palladiamraonium  salt  prepared  from 
this  material  gave  as  follows : 


Pd(NIf^Cl)r 

Pd. 

Per  cent  Pd, 

1.50275 

.75685 

50.364 

1.23672 

.62286 

50.365 

1.34470 

.67739 

50.375 

1.49059 

.75095 

Mean, 

50.379 

50.37',  rfc.0026 

Reduced  to 

vacuum, 

.  50.352 

Here,  again,  no  loss  from  decrepitation  or  volatilization  occurred, 
although  evidence  of  such  loss  was  carefully  sought  for.  The  data  thus 
obtained  may  now  be  combined  with  the  previous  series,  thus : 

Keiser,  first  series 50.360,  ±.  .0008 

Keiser,  second  series 50.359,  ±  .0028 

Bailey  and  Lamb 50.171,  ±  .0099 

Keller  and  Smith,  electrolytic 50.508,  d:  .0014 

Keller  and  Smith,  hydrogen  series 50.388,  dr  .0043 

Keiser  and  Breed,  first  series 50.351,  d=  .0023 

Keiser  and  Breed,  second  series 50.352,  db  .0026 

General  mean 50.388,  db  .00062 

For  palladium,  ignoring  the  work  of  Quintus  Icilius,  the  subjoined 
ratios  are  now  available : 

(I.)  2KCI  :  Pd  :  :  100  :  70.865,  dt  .01 50 
(2.)  Per  cent.  Pd  in  Pd(NH,a)„  50.388,  d=  .00062 
(3.)  2Aga  :  Pd(NHjCI),  :  :  100  :  73.807,  db  .0742 
(4.)  Pd(NHjCl),  :  PdS  :  :  100  :  65.651,  d=  .0051 

The  antecedent  data  are — 

CI  =  35.179,  :fc  .0048  S       =  31.828,  dt  .0015 

K  =  38.817,  ifc  .0051  AgCI  =  142.287,  ±:  .0037 

N  =  13.935,  ±.0021 

21 
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Hence,  for  the  atomic  weight  of  palladium,  we  have — 

From  (i ) Pd  =  104.874,  =fc  .0243 

From  (2) ••  =  105.858,  ±  .0200 

From  (3) '*=  105.808,  db. 21 17 

From  (4) **  =  106.550,  i  .0491 

General  mean Pd  ^  >05.556,  i:  .0147 

With  0  =  16,  Pd  =  106.364. 

Taking  the  values  separately,  the  second  is  probably  the  best ;  but  in 
view  of  the  work  done  by  Bailey  and  Lamb  on  one  side,  and  by  Keller 
and  Smith  on  the  other,  it  cannot  be  accepted  unreservedly.  Until  the 
cause  of  variation  in  the  results  is  clearly  determined,  it  is  better  to  take 
the  general  mean  of  all  the  data,  as  given  above. 


OSMIUM. 


The  atomic  weight  of  this  metal  has  been  determined  by  Berzelius,  by 
Fremy,  and  by  Seubert. 

Berzelius  *  analyzed  potassium  osmichloride,  igniting  it  in  hydrogen 
like  the  corresponding  platinum  salt.  1.3165  grammes  lost  .3805  of 
chlorine,  and  the  residue  consisted  of  .401  grm.  of  potassium  chloride, 
with  .535  grm.  of  osmium.  Calculating  only  from  the  ratio  between  the 
Os  and  the  KCl,  the  data  give  Os  =  197.523. 

Fremy's  determination  f  is  based  upon  the  composition  of  osmium 
tetroxide.  No  details  as  to  weighings  or  methods  are  given;  barely  the 
final  result  is  stated.    This,  if  0  =  16,  is  Os  =  199.648. 

When  the  periodic  law  came  into  general  acceptance,  it  became  clearly 
evident  that  both  of  the  foregoing  values  for  osmium  must  be  several 
units  too  high.  A  redetermination  was  therefore  undertaken  by  Seubert,J 
who  adopted  methods  based  upon  that  of  Berzelius.  First,  ammonium 
osmichloride  was  reduced  by  heating  in  a  stream  of  hydrogen.  The 
residual  osmium  was  weighed,  and  the  ammonium  chloride  and  hydro- 
chloric acid  given  off  were  collected  in  a  suitable  apparatus,  so  that  the 
total  chlorine  could  be  estimated  as  silver  chloride.  The  weights  were 
as  follows : 


j4fn^0sC/^. 

Os. 

6A^CL 

1.8403 

7996 

3.5897 

2.0764 

.9029 

4.0460 

2. 1 501 

.9344 

4.1950 

2.134s 

.9275 

4.1614 

♦  Poggend.  Annalen,  13.  530.    1828. 

tCompt.  Rend..  19,  46S.    Journ.  fOr  Prakt.  Chem.,  31,  410.     1844. 

X  Bericnte  Deutsch.  Chem.  Gesell.,  21,  1839.    1888. 
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Heuce  we  have  for  the  percentage  of  osmium  and  for  the  osmichloride 
proportional  to  100  parts  of  AgCl — 

Pier  cent.  Os.  AgCl :  Salt, 

43446  51.266    - 

43.484  5».32o 

43.458  51-254 

43.453  51.293 

Mean,  51.283,  d=  .0099 

In  a  later  paper  *  two  more  reductions  are  given,  in  which  only  osmium 
was  estimated. 

Salt.  Os,  Percent.  Os. 

2.6687  I. 1597  •        43.456 

2.6937  I. 1706  43.457 

These  determinations,  included  with  the  previous  four  as  one  series, 
give  a  mean  percentage  of  Os  in  Am,OsCle  of  43.459,  dz  .0036. 

Secondly,  potassium  osmichloride  was  treated  in  the  same  way,  but 
the  residue  weighed  consisted  of  Os  +  2KC1.  From  this  the  potassium 
chloride  was  dissolved  out,  recovered  by  evaporating  the  solution,  and 
weighed  separately.  The  volatile  portion,  4HC1,  was  also  measured  by 
precipitation  as  silver  chloride.  In  Seubert's  first  paper  these  data  are 
given : 


K^OsCU 

Os. 

2KCI. 

iAgCl. 

2.5148 
2. 1 138 

.8405 

.7796 
.6547 

2.9837 
2.5076 

Hence,  with  salt  proportional  to  100  parts  of  AgCl  in  the  last  column 
we  have — 

Per  cent.  Os.  Per  cent.  KCl.  AgCl :  Salt. 

31.000  84.091 

39.762  30.973  84.102 


Mean,  84.097,  d=  .0030 

In  his  second  paper  Seubert  gives  fuller  data  relative  to  the  potassium 
osmichloride,  but  treats  it  somewhat  differently.  The  salt  was  reduced 
by  a  stream  of  hydrogen  as  before,  but  after  that  the  boat  containing  the 
Os  +  2KC1  was  transferred  to  a  platinum  tube,  in  which,  by  prolonged 
heating  in  the  gas,  the  potassium  chloride  was  completely  volatilized. 
The  determinations  of  4C1  as  4AgCl  were  omitte  1.  Two  series  of  data 
are  given,  as  follows : 

•Ann.  d.  Chem.,  261,  258. 


324  THE   ATOMIC   WEIGHTS. 

K^OsCl^  Os,  Percent,  Os. 

1.1863  .4691  39.543 

.9279  .3667  39.519 

1.0946  .4330  39.558 

1.6055  .6351  39.558 

•4495  .1778  39.555 

.8646  .3417  39.521 

.7024  .2781  39.593 

1.2742  .5041  39.562 

1.0466  .4141  39.566 

Mean,  39.553.  d=  .0052 

KfisCU.  2KCI.  Per  cent,  KCL 

2.2032  .6820  30.955 

2.0394  .6312  30950 

2.7596        •  .8544  30.961 

2.4934  .7710  30.922 

2.8606  .8843  30.9'3 

2.8668  .5768  30.898 

1.2227  .3778  30  899 

Mean,  30.931 

Earlier  set.  P'-"^ 
'130.973 

Mean  of  all  nine  determinations,  30.941,  dr  .0079 

The  single  percentage  of  osmium  in  the  earlier  memoir  is  obviously  to 
be  rejected. 

The  ratios  to  examine  are  now  as  follows : 

(I.)  Per  cent.  Os  in  Am,OsCl„  43.459,  ±  .0036 
(2.)  6AgCl :  Am,OsCl,  :  i  100  ;  51.283,  ±  .0099 
(3)  4AgCl  :  KjOsCJ,  :  :  100  :  84.097,  d=  .0030 
(4.)  Per  cent.  Os  in  KjOsCl^,  39.553.  ±  .0052 
(5.)  Per  cent.  KCl  in  K^OsCI^,  30.951,  ±  .0079 

To  reduce  these  ratios  we  have — 

0  =  35.179,  ±.0048  KCl  =  74.025,  d=  .0019 

K  =  38.817.  ±  .0051  AgCl  =  142.287,  ±  .0037 

N  =  I3.935.  ±  .0021 

Hence  there  are  five  independent  values  for  osmium,  as  follows : 

From  (I) 08=  190.111,  ±.0300 

From  (2) *«  =  190.870,  d=  .0901 

From  (3) *«  =  189.928,  ±  .0371 

From  (4) "  =  188.914.  d=  .0243 

From  (5) "  =  189.571,  db  .0928 

General  mean Os  =  189.546,  ifc  .0163 

If  0=  16,  Os  =  190.990. 
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These  figures  serve  to  fix  the  place  of  osmium  below  iridium  in  the 
periodic  classification  of  the  elements,  but  are  not  concordant  enough  to 
be  fully  satisfactory.    More  determinations  are  evidently  needed. 


IRIDIUM. 


The  onl\^  early  determination  of  the  atomic  weight  of  iridium  was 
made  by  Berzelius,*  who  analyzed  potassium  iridichloride  by  the  same 
method  employed  with  the  platinum  and  the  osmium  salts.  The  result 
found  from  a  single  analysis  was  not  far  from  Ir  =  196.7.  This  is  now 
known  to  be  too  high.  I  have  not,  therefore,  thought  it  worth  while  to 
recalculate  Berzelius'  figures,  but  give  his  estimation  as  it  is  stated  in 
Roscoe  and  Schorlemmer's  "  Treatise  on  Chemistry." 

In  1878  the  matter  was  taken  up  by  Seubert,t  who  had  at  his  disposal 
160  grammes  of  pure  iridium.  From  this  he  prepared  the  iridichlorides 
of  ammonium  and  potassium  (NHJ^IrCl,  and  KJrClj,  which  salts  were 
made  the  basis  of  his  determinations.  The  potassium  salt  was  dried  by 
gentle  heating  in  a  stream  of  dry  chlorine. 

Upon  ignition  of  the  ammonium  salt  in  hydrogen,  metallic  iridium 
was  left  behind  in  white  coherent  laminae.  The  results  obtained  were  as 
follows : 

AmJrCl^,  Ir.  Per  cent.  Ir. 

1-3164  .5755  '  43725 

^7122  .7490  43.745 

'.2657  .5536  43.739 

1.3676  .5980  43.726 

2.6496  I. 1586  43.739 

2.8576  1.2489  43.705 

2.9088  1.2724  43.742 

Mean.  43732,^.0035 

The  potassium  salt  was  also  analyzed  by  decomposition  in  hydrogen 
with  special  precautions.  In  the  residue. the  iridium  and  the  potassium 
chloride  were  separated  after  the  usual  method,  and  both  were  estimated. 
Eight  analyses  gave  the  following  weights : 


KJrCl^ 

C/„  Loss, 

Ir. 

KCL 

1. 6316 

.4779 

.6507 

.5030 

2.2544 

.6600 

.8993 

.6953 

2.1290 

.6238 

.8488 

.6560 

1.8632 

.5457 

.7430 

.5745 

2.6898 

.7878 

1.0726 

.8291 

2.3719 

.6952 

.9459 

.7308 

2.6092 

.7641 

1.0406 

.8040 

2.5249 

•7395 

1.0070 

.7775 

•  Poggend.  Annalen,  13,  435.    1828. 

tBcr.  Deutsch.  Chem.  Gesell.,  ir,  1767.    1878. 
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Hence  we  have  the  following  percentages,  reckoned  on  the  original 
salt: 


Ir. 

2KCL 

CI,. 

39.881 

30.829 

29.290 

39.890 

30.842 

29.277 

39.868 

30813 

29.300 

39.876 

30.83s 

29.289 

39.877 

30.825 

29.287 

39.879 

30.811 

29.310 

39.882 

30.814 

29.285 

39.883 

30.792 

29.288 

Mean,  39.880,  d=  .0015    Mean,  30.820,  db  .0037      Mean,  29.291,  rb  .0024 

Joly  *  studied  derivatives  of  iridium  trichloride.    The  salts  were  dried 

at  120^,  and  reduced  in  hydrogen.    With  IrCls.3KC1.3H,0  he  found  as 

follows : 

SalL  Ir,  KCL 


1.5950 

.5881 

.6803 

1.6386 

.6037 

.7000 

2.6276 

.9689 

1.1231 

These  data,  if  the  weight  of  the  salt  itself  is  considered,  give  discordant 
results,  but  the  ratio  Ir :  3KC1 :  :  100 :  %  is  satisfactory.  The  values  of  x 
are  as  follows : 

115.677 

115.952 

1 15.915 

Mean,  115.848,  d=  .0583 

The  ammonium  salt,  IrClj.SNH^Cl,  gave  the  subjoined  data : 

WL  of  Salt,  WL  of  Ir,  Per  cent  Ir. 

1.5772        *  .6627  42.017 

1.6056  .6742  41.990 

Mean,  42.003,  db  .0094 

To  sum  up,  the  ratios  available  for  iridium  are  these : 

(l.)  Per  cent.  Ir  in  Am,IrClj,  43-732,  ±  .0035 
(2.)  Per  cent.  Ir  in  KJrClj,  39.880,  d=  .0015 
(3.)  Per  cent.  KCl  in  K,IrCl^  30.820,  ±  .0037 
(4.)  Per  cent.  C\  in  K,IrClj,  29.291,  db  .0024 
(5.)  Per  cent.  Ir  in  AmjIrCI^,  42.003,  db  .0094 
(6.)  Ir  :  3KCI  :  :  100  :  1 15.848,  db  .0583 

The  data  for  computation  are — 

O  =  15.879.  ±  .0003  N     =  13.935,  db  .0021 

Ci  =  35. 179,  ±  .0048  KG  =  74.025,  ±  .0019 

K  =  38.817,  ±  .0051  H     =  I 

•Compt.  Rend.,  110,  1131.    1890. 
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And  the  six  independent  values  for  the  atomic  weight  of  iridium  be- 
come— 

From  (i) Ir  =  I9i.935i  ±  .03<» 

From  (2) *•  =  191.51 1,  dr  .0221 

From  (3) "  =  191.604,  db  .0485 

From  (4) "  =  191. 641,  rfc  .0622 

From  (s) **  =  191833,  ifc  .0641 

From  (6) *'  =  191.695,  db  .0966 

General  mean Ir  =  191.664,  dz  .0154 

If  0=  16,  Ir=  193.125. 


PLATINUM. 


The  earliest  work  upon  the  atomic  weight  of  this  metal  was  done  by 
Berzelius  *  who  reduced  platinous  chloride  and  found  it  to  contain  73.3 
per  cent,  of  platinum.  Hence  Pt  =  193.155.  In  a  later  investigation  f 
he  studied  potassium  chloroplatinate,  K,PtClj.  6.981  parts  of  this  salt, 
ignited  in  hydrogen,  lost  2.024  of  chlorine.  The  residue  consisted  of 
2.822  platinum  and  2.135  potassium  chloride.  From  these  data  we  may 
calculate  the  atomic  weight  of  platinum  in  four  ways: 

1.  From  loss  of  CI  upon  ignition Pt  =  196.637 

2.  From  weight  of  Pt  in  residue **  =  195.897 

3.  From  weight  of  KCl  in  residue **  =:  195.384 

4.  From  ratio  between  KCl  and  Pt '*  =  195.690 

The  last  of  these  values  is  undoubtedly  the  best,  for  it  is  not  affected 
by  errors  due  to  the  possible  presence  of  moisture  in  the  salt  analyzed. 

The  work  done  by  Andrews  J  is  even  less  satisfactory  than  the  foregoing, 
partly  for  the  reason  that  its  full  details  seem  never  to  have  been  pub- 
lished. Andrews  dried  potassium  chloroplatinate  at  105°,  and  then 
decomposed  it  by  means  of  zinc  and  water.  The  excess  of  zinc  having 
been  dissolved  by  treatment  with  acetic  and  nitric  acids,  the  platinum 
was  collected  upon  a  filter  and  weighed,  while  the  chlorine  in  the  filtrate 
was  estimated  by  Pelouze's  method.  Three  determinations  gave  as  fol- 
lows for  the  atomic  weight  of  platinum : 

197.86 
197.68 
198.13 

Mean,  197.887 

Unfortunately,  Andrews  does  not  state  how  his  calculations  were  made. 

*  Poggend.  Annalen,  8,  177.  1826. 
t  Poggend.  Annalen,  13,  468.  1838. 
X  British  Assoc.  Report,  1852.    Chem.  Gazette,  10, 
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In  1881  Seubert*  published  his  determinations,  basing  them  upon 
very  pure  chloroplatinates  of  potassium  and  ammonium.  The  ammo- 
nium salt,  (NHJjPtCl^,  was  analyzed  by  heating  in  a  stream  of  hydrogen, 
expelling  that  gas  by  a  current  of  carbon  dioxide,  and  weighing  the 
residual  metal.  In  three  experiments  the  hydrochloric  acid  formed 
during  such  a  reduction  was  collected  in  an  absorption  apparatus,  and 
estimated  by  precipitation  as  silver  chloride.  Three  series  of  experi- 
ments are  given,  representing  three  distinct  preparations,  as  follows : 


5mea  /. 

Am^PtCl^, 

Pt. 

Percent  Pt 

2.1266 

.9348 

43.957 

1.7880 

.7858 

43.948 

1.8057 

.7938 

43.960 

2.6876 

1.1811 

43946 

47674 

2.0959 

43.963 

2.0325 

.8935 

43.961 

Mean,  43. 956,  db  .002 


Series  IL 


Am^PtCU. 

Pt. 

Percent.  Pt, 

3.0460 

1.3363 

43.87' 

2.6584 

I. 1663 

43.876 

2.3334 

1.0238 

43.872 

1. 9031 

-8351 

43.881 

3.1476 

1.3810 

43.87s 

2.7054 

1.1871 

43.889 
Mean,  43.876,  ±i  .001 

Another  portion  of  this  preparation,  recrystallized  from  water,  of  1.4358 
grm.  gave  0.6311  of  platinum,  or  43.955  per  cent. 


Series  III 

Am^PtCl^. 

Pt. 

Per  cent.  Pt. 

2.5274 

1.1118 

43.990 

«.2758 

1.4409 

43.986 

1.9279 

.8483 

44.001 

2.0182 

.8884 

44.020 

1.8873 

.8303 

43.994 

2.2270 

.9798 

43.996 

2.4852 

1.0936 

44.004 

2.5362 

1. 1 166 

44.026 

3.0822 

1.3561 

43998 
Mean,  44.oor,  dr  .003 

•Ber.  Deutach.  Chem.  Gesell..  14,  865. 
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If  these  series  are  treated  as  independent  and  combined,  giving  each 
a  weight  as  indicated  by  its  probable  error,  and  regarding  the  single  ex- 
periment with  preparation  II  as  equal  to  one  in  the  first  series,  we  get 
a  mean  percentage  of  43.907,  ±  .0009.  On  the  other  hand,  if  we  regard 
the  twenty-two  experiments  as  all  of  equal  weight  in  one  series,  the  mean 
percentage  of  platinum  becomes  43.953,  ±:  .0078.  Upon  comparing  the 
work  with  that  done  later  by  Halberstadt,  the  latter  mean  seems  the  fairer 
one  to  adopt. 

For  the  chlorine  estimations  in  the  ammonium  salt,  Seubert  gives  the 
subjoined  data.  I  add  in  the  last  column  the  weight  of  salt  proportional 
to  100  parts  of  silver  chloride. 


Am^PtCU, 

Pt. 

6AgCl 

Ratio. 

2.7054 

1.1371 

5.2226 

51.802 

2.2748 

.9958 

4.3758 

51.986 

3.0822 

1.3561 

5.9496 

Meaiij 

51.805 
,  5>.864,  ±.041 

The  potassium  salt,  K,PtClg,  was  also  analyzed  by  ignition  in  hydro- 
gen, treatment  with  water,  and  weighing  both  the  platinum  and  the 
potassium  chloride.    The  weights  given  are  as  follows : 


K^PtCU. 

Pt, 

2KCL 

5.0283 

2.0173 

1.5440 

7.0922 

2.8454 

2.1793 

3.5475 

1.4217 

1.0890 

3.2296 

1.2941 

.9904 

35834 

1.4372 

I.IOOI 

4.4232 

1.7746 

1.3547 

4.0993 

1.6444 

1.2589 

4.4139 

1.7713 

1.3516 

Hence  we  have  these  percentages,  reckoned  on  the  original  salt : 

Pt,  KCL 

40.119  30.706 

40.120  30.728 
40.076  30.698 
40.070  30.666 
40.107  30.700 
40.120  30.627 
40.114  30.710 
40.130  30.621 

Mean,  40.107,  db  .005  Mean,  30.682,  d=  .009 

As  with  the  ammonium  salt,  three  experiments  were  made  upon  the 
potassium  compound  to  determine  the  amount  of  chlorine  (four  atoms 
in  this  case)  lost  upon  ignition  in  hydrogen.  In  the  fourth  column  I 
add  the  amount  of  K^PtCl^  corresponding  to  100  parts  of  AgCl : 
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K^PICI^  Pt.  iAgCL  Ratio. 

6.7771  a.7iS»  7.97aS  85.006 

3.5834  1.437a  4.aa70  84-774 

4.4139  i.77«3  5.2144  84.648 

Mean,  84.809,  d=  .071 

Halberstadt,*  like  Seubert,  studied  the  chloroplatinates  of  potassium 
and  ammonium,  and  also  the  corresponding  double  bromides  and  platinic 
bromide  as  well.  The  metal  was  estimated  partly  by  reduction  in  hy- 
drogen, as  usual,  and  partly  by  electrolysis.  Platinic  bromide  gave  the 
following  results : 

J.  By  Rediuiion  in  H. 

Pi, 


PtBr^, 

Pt, 

Percent, 

.6396 

.2422 

37.867 

X.7596 

.6659 

37.844 

.9178 

.3476 

37.873 

1. 1594 

.4388 

37.847 

1.9608   . 

.7420 

37.842 

2.0865 

.7898 

37.853 

4.0796 

1.5422 

37.852 

6.8673 

2.5985 
//.  By  Electrolyse. 

37.8.^9 

1.2588 

.4763 

37.837 

1.4937 

.5649 

37.819 

Mean  of  all  ten  experiments,  37.847,  ±r  .0033 

The  ammonium  platinbromide,  (NHJ,PtBr„  was  prepared  in  two 
ways,  and  five  distinct  lots  were  studied.  With  this  salt,  as  well  as  with 
those  which  follow,  the  data  are  given  in  distinct  series,  with  from  one 
to  several  experiments  in  each  group,  but  for  present  purposes  it  seems 
best  to  consolidate  the  material  and  so  put  it  in  more  manageable  form. 
The  percentages  of  platinum  and  weights  found  are  as  follows  : 


/. 

By  Reduction  in 

H. 

Am^PtBr^. 

Pt, 

Percent  H. 

'  .6272 

.1719 

27.408 

1.0438 

.2865 

27.447 

1.1724 

.3215 

27.422 

"   1.4862 

.4076 

27.426 

1.0811 

.2966 

27.435 

1 1.3383 

.3672 

27.437 

*  Ber.  Deutach.  Chem.  Gesell.,  17,  3963.    1884. 
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Am^PiBr^ 

Pt. 

Per  cent  Pt. 

r  1.0096 

.2769 

27.426 

1.1935 

.3269 

27.390 

1.3182 

.36" 

27.393 

.2.2476 

.6159 

27.402 

'  1.3358 

.3668 

27.451 

1.7859 

.4899 

27.431 

4.1641 

1.1427 

27.441 

M835 

.3250 

27.460 

2.4003 

.6591 

27.459 

1 2.5293 

.6940 

27.438 

1.7147 

.4705 

27.439 

2.3014 

.6316 

27.444 

3.005a 

.8245 

27.435 

.4.8592 

1.3329 

27.430 

1.5337 

.4210 

27.449 

•   2.0373 

.5594 

27.457 

.2.0939 

.5751 
//.  By  Electrolysis. 

27.465 

0.5586 

.4272 

27.409 

•j  1.6052 

.4397 

27.392 

(3.1229 

.8569 

27.439 

1.1612 

.3180 

27.386 

(2.5817 

.7081 

27.427 

\  1.0231 

.2809 

27.456 

(1.6744 

.4591 

27.418 

1.6744 

.4591 

27.418 

1.6052 

.4397 

27.392 

831 


Mean  of  all  thirty-two  experiments,  27.429,  dt  .0027 


With  potassium  platinbromide  Halberstadt  found  as  follows : 
7.  By  Reduction  in  JET. 


K^PtBr^ 

Pt. 

2KBk 

Percent.  H, 

Percent.  K Br. 

'2.5549 

.6630 

.8071 

25.940 

31.590 

2.6323 

.6831 

.8318 

25.947 

31.599 

2.93 » 5 

.7598 

.9259 

25.910 

31.584 

3.4463 

.8939 

1.0895 

25.938 

31.613 

.4.0081 

1.0404 

1.2653 

25.957 

31.568 

3.9554 

1.0266 

1.2495 

25.954 

31-589 

'2.0794 

.5388 

.6558 

25.911 

31.538 

2.1735 

.5635 

.6849 

25.926 

31.511 

.2.3099 

.5986 

.7297 

25.914 

31.590 

r  1.4085 

.3645 

.4446 

25.880 

31.565 

2.6f66 

.6772 

.8279 

25.881 

31.640 

.2.6729 

.6923 

.8469 

25.900 

31.684 
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IL  By  Electrolysis. 
K^PtBr^.  Pt,  2KBr,  Percent,  Pt.      Percent.  KBr. 

f2.2I10  .5726  .6997  25.898  31.647 

(3.1642  .8188  .9983  25.877  31.550 

(1.9080  .4947  .6025  25.927  31.577 

1^6754  .4341  .5286  25.915  31.550 

f  ».3'48  .3403  .4160  25.882  31.640 

(1.5543  .4025  .4911  25.895  31.596 

Mean  of  eighteen  experiments,  25.915,  ±  .0040    31.591,  db  .0068 

For  ammonium  platinchloride  Halberstadt  gives  the  following  data : 

J.  By  Reduction  in  H. 


Am^PtCU, 

Pt. 

Percent.  Pt. 

'  1.0604 

.4662 

43.964 

^  1.3846 

.6087 

43.962 

1.5065 

.6617 

43923 

.2.3266 

1.0227 

43.956 

1  1.3808 
1  1.7396 

.6059 

43.880 

.7638 

43.906 

(2.7420 

1.2068 

44.011 

]  3.1882 

1.4019 

43.971 

1 5. 4644 

2.4035 

43.984 

3.4859 

1. 5321 
//.  By  Electrolysis, 

43.951 

f  .9474 

.4161 

43.920 

<  I. 1069 

.4865 

43.951 

(.1.5101 

.6634 

43.930 

'  .5345 

.2347 

43-9>o 

1.6035 

.7044 

43.928 

.1.9271 

.8459 

43.894 

1.1046 
.  1.4179 

.4858 

43.979 

.6233 

43.959 

Mean  of  eighteen  experiments,  43.943,  db  .0054 
Seuljert  found,  43-953,  =fc  .0078 

General  mean,  43.946,  db  .0044 

For  potassium  platinchloride  Halberstadt's  data  are— 

J.  By  Reduction  in  H, 

K^PtCl^.  Pt.  2KCI.          Percent.  Pt.      Per  cent.  KCl 

I  1.6407  .6574  .5029  40.069  30.651 

1  '.9352  .7757  .5921  40.084  30.600 

f  1.5793  .6334  .4836  40.106  30.621 

( 1.6446  .6595  .5049  40.101  30.700 

(1.0225  .4102  .3133  40.117  30.640 

1 2.4046  .9641  .7388  40.094  30.724 

(5.8344  2.3412  1.7905  40.127  30.688 

(7.1732  2.8776  2.1998  40.116  30.666 
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IL  By  EUctrolyns. 

K^Pta^                Pi,                 2KCL          Percent.  Pi,  Percent  KCL 

f  1.2354                .4953                .3792                40.092  30.695 

(  2.5754              1.0318                .7898                40.063  30.667 

1.0933                .4387                .3355                40.126  30.668 

1.3560                .5438                .4167                40.103  30.730 

".7345                .6956                .5298                40.104  30.545 

2.0054                .8038                .6147                40.081  30.652 

2.0666                .8291                .6356                40.117  30.755 

"•2759                .5"8                .3908                40.112  30.629 

1.9376                .7763                .5927                40.065  30.589 

2.3972                .9608                 .7355                 40.080  30.681 

^2.7249               1.0929                .8364                40.108  30.691 

Mean  of  nineteen  experiments,  40.098,  ifc  .0031     30.663,  db  .0080 
Scubert  found,  40. 107,  rfc  .0050    30.682,  dr  .0090 


General  mean,  40.101,  ±.  .0026    30.671,  :h  .0060 


The  work  of  Dittmar  and  M 'Arthur*  on  the  atomic  weight  of  platinum 
is  difficult  to  discuss  and  essentially  unsatisfactory.  They  investigated 
potassium  platinchloride,  and  came  to  the  conclusion  that  it  contains 
traces  of  hydroxyl  replacing  chlorine  and  also  hydrogen  replacing 
potassium.  It  is  also  liable,  they  think,  to  carry  small  quantities  of 
potassium  chloride.  In  their  determinations,  which  involve  corrections 
indicated  by  the  foregoing  considerations,  they  are  not  sufficiently  ex- 
plicit, and  give  none  of  their  actual  weighings.  They  attempt,  however, 
to  fix  the  ratio  2KC1 :  Pt,  and  after  a  number  of  discordant,  generally 
high  results,  they  give  the  following  data  for  the  atomic  weight  of  plati- 
num based  upon  the  assumption  that  2KC1  =  149.182 : 

195.54 
195.48 
195.60 

«95.37 
Mean,  195.50,  d=  .0330. 

Dittmar  and  M'Arthur  also  discuss  Seubert's  determinations,  seeking 
to  show  that  the  latter  also,  properly  treated,  lead  to  a  value  nearer  to 
195.5  than  to  195.  Seubert  at  once  replied  to  them,t  pointing  out  that 
the  concordance  between  his  determinations  by  very  different  methods 
(a  concordance  verified  by  Halberstadt's  investigation)  precluded  the 
existence  of  errors  due  to  impurities  such  as  Dittmar  and  M'Arthur 
assumed. 

•Trans.  Roy.  See.  Edinburgh,  33,  561.    1887. 
tBer.  Deutsch.  Chem.  Gesell.,  ai.  2179.    18S8. 


S34  THE   ATOMIC  WEIGHTS. 

The  ratios  from  which  to  compute  the  atomic  weight  of  platinum  are 
now  as  follows,  rejecting  the  work  of  Berzelius  and  of  Andrews : 

(i.)  Percentage  of  Pt  in  ammonium  platinchloride,  43.946,  d=  •0044 
(2.)  Percentage  of  Pt  in  ammonium  platinbromide,  27.429,  zh  .0027 
(3.)  Percentage  of  Pt  in  potassium  platinchloride,  40.101,  db  .0026 
(4.)  Percentage  of  Pt  in  potassium  platinbromide,  25.915,  rb  .0040 
(5.)  Percentage  of  Pt  in  platinic  bromide,  37.847,  d=  .0033 
(6.)  Percentage  of  KCl  in  potassium  platinchloride,  30.671,  +  .0060 
(7.)  Percentage  of  KBr  in  potassium  platinbromide,  31.591,  db  .0068 
(8.)  6AgCI  :  Am,Pia,  :  :  100:  51.864,  db  .041 
(9.)  4AgCl  :  KjPtCl,  :  :  100  :  84.809,  ±  .071 
(10.)  2KCI :  Pt  : :  149.182  :  i95-50»  ±  .033 

Computing  with  the  subjoined  atomic  and  molecular  weights' — 

CI  =  35179,  db  .0048  KCl  =  74.0251  =t:  .0019 

Br  =  79.344,  ±  .0062  KBr  =  118.200,  d=  .0073 

K  =  38.817,  db  .0051  AgCl  =  142.287,  d=  .0037 
N  =  i3.935f  ±  -0021 

we  have  the  following  ten  values  for  platinum  : 

From  (I) Pt  =  193.603,  =fc  .0336 

From  (2) *'  =  I93.493f  ±.0248 

From  (3) "  =  193.283,  rb  .0254 

From  (4) *'  =  193.684,  db  .0344 

From  (5) *•  =  193.261,  dc  0248 

From  (6) "  =  193  93^,  db  .0746 

From  (7) **  =  194.538,  dr  .  1276 

From  (8) **  =  195.836,  ±  .3515 

From  (9) *•  =  193-9^.  db  .4054 

From  (10) •*  =  194.017,  ±  .0331    , 

General  mean Pi  =  193.443,  ±  .01 14 

If  0  =  16,  Pt=  194.917. 

Of  these  ten  values  the  first  five  are  obviously  the  most  trustworthy. 
Their  general  mean  is  Pt  =  193.414,  db  .0J24 ;  or,  if  O  =  16,  Pt  =  194.888. 
This  result  is  preferable  to  the  mean  of  all,  even  though  the  latter  varies 
little  from  it.  The  five  high  values  carry  very  little  weight  because  of 
their  larger  probable  errors. 


CERIUM.  335 


CERIUM. 


Although  cerium  was  discovered  almost  at  the  beginning  of  the  present 
century,  its  atomic  weight  was  not  properly  determined  until  after  the 
discovery  of  lanthanum  and  didymium  by  Mosander.  In  1842  the  in- 
vestigation was  undertaken  by  Beringer  *  who  employed  several  methods. 
His  cerium  salts,  however,  were  all  rose-colored,  and  therefore  were  not 
wholly  free  from  didymium ;  and  his  results  are  further  affected  by  a 
negligence  on  his  part  to  fully  describe  his  analytical  processes. 

First,  a  neutral  solution  of  cerium  chloride  was  prepared  by  dissolving 
the  carbonate  in  hydrochloric  acid.  This  gave  weights  of  eerie  oxide  and 
silver  chloride  as  follows.  The  third  column  shows  the  amount  of  CeO, 
proportional  to  100  parts  of  AgCl : 

CeO^.  AgCL  Ratio, 

.5755  g"n.  1.419  grai.  40. 557 

.6715    «'  I.6S95  "  40.464 

1. 1300    "  2.786    "  40.560 

.5366    **  i-33«6  "  40.297 

Mean,  40.469,  db  .0415 

The  analysis  of  the  dry  cerium  sulphate  gave  results  as  follows.  In 
a  fourth  column  I  show  the  amount  of  CeOj  proportional  to  100  parts  of 
BaSO, : 


Sulphate, 

CeO^. 

BaSO^ 

Ratio. 

'.379  p-m. 
1.276    ** 
1.246    " 
1.553    *• 

.8495  grm. 
.7875     " 
.7690    - 

.9595     " 

1. 71 1  gnn. 
1.580    «• 

1.543     •' 
1.921     •• 

Mean 

49.649 
49.836 
49.838 
49.948 

,  49.819,  =fc  .042 

Beringer  also  gives  a  single  analysis  of  the  formate  and  the  results  of 
one  conversion  of  the  sulphide  into  oxide.  The  figures  are,  however, 
not  valuable  enough  to  cite. 

The  foregoing  data  involve  one  variation  from  Beringer's  paper. 
Where  I  put  CeO,  as  found  he  puts  CCgO,.  The  latter  is  plainly  inad- 
missible, although  the  atomic  weights  calculated  from  it  agree  curiously 
well  with  some  other  determinations.  Obviously,  the  presence  of  didym- 
ium in  the  salts  analyzed  tends  to  raise  the  apparent  atomic  weight  of 
cerium. 

Shortly  after  Beringer,  Hermann  t  published  the  results  of  one  experi- 
ment.   23.532  grm.  of  anhydrous  cerium  sulphate  gave  29.160  grm.  of 

BaSO,.     Hence  100  parts  of  the  sulphate  correspond  to  123.926  of  BaSO,. 

^ • _^^_^___^.^^.^____^ 

*Ann.  Chtftn.  Pharm.,4a,  134.    1842. 
t  Journ.  fur  Prakt.  Cfaem.,  30,  185.    1843. 
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In  1848  similar  figures  were  published  by  Marignac,*  who  found  the 
following  amounts  of  BaSO^  proportional  to  100  of  dry  cerium  sulphate : 

122.68 
I22.00 
122.51 


Mean,  122.40,  d:  .138 

If  we  give  Hermann's  single  result  the  weight  of  one  experiment  in 
this  series,  and  combine,  we  get  a  mean  value  of  122.856,  ±  .130. 

Still  another  method  was  employed  by  Marignac.  A  definite  mixture 
was  made  of  solutions  of  cerium  sulphate  and  barium  chloride.  To  this 
were  added,  volumetrically,  solutions  of  each  salt  successively,  until 
equilibrium  was  attained.  The  figures  published  give  maxima  and 
minima  for  the  BaCl,  proportional  to  each  lot  of  CcjCSOJ,.  In  another 
column,  using  the  mean  value  for  BaCl,  in  each  case,  I  put  the  ratio 
between  100  parts  of  this  salt  and  the  equivalent  quantity  of  sulphate. 
The  latter  compound  was  several  times  recrystallized  : 

Ce^{SO^)r  BaCl^.  Ratio, 

First  crystallization i  i.oi  I  grm.  1 1.990  —  12.050  grm.  91.606 

First  crysUliization 13.194  '*  '4.365  —  14.425  **  91-657 

Second  crystallization....   13.961  **  15.225  —  15.285  •*  91.518 

Second  crystallization 12.627  **  13.761  —  13.821  **  9'. 559 

Second  crystallization 11.915  **  12.970 — 13.030  **  91.654 

Third  crystallization 14.888  **  16.223—16.283  "  91.602 

Third  crysUliization 14.H3  **  '5.383—15.423  **  9'.75S 

Fourth  crystallization.. ..   13.111  **  14.270—14.330  "  91.685 

Fourth  crystallization '3.970  "  15.223—15.283  **  91.588 

Mean,  91.625,  d=  .016 

Omitting  the  valueless  experiments  of  Kjerulf,t  we  come  next  to  the 
figures  published  by  Bunsen  and  Jegel  J  in  1858.  From  the  air-dried 
sulphate  of  cerium  the  metal  was  precipitated  as  oxalate,  which,  ignited, 
gave  CeOj.  In  the  filtrate  from  the  oxalate  the  sulphuric  acid  was  esti- 
mated as  BaSO^ : 

1.5726  grm.  sulphate  gave  .7899  grm.  CeO,  and  1. 6185  grm.  BaSOf. 
1.6967       **       .8504      «'      '.7500    *' 

Hence,  for  100  parts  BaS04,  the  CeO,  is  as  follows  : 

48.804 
48.575 


Mean,  48.689,  ±  .077 


•Arch.  Sci.  Phys.  et  Nat.  (i),  8,  273.    1848. 

t  Ann.  Cltem.  Pharm.,  87,  12. 

t  Ann.  Chem.  Pharm.,  105,  45.    1858. 
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One  experiment  was  also  made  upon  the  oxalate : 

.3530  grro.  oxalate  gave  .1913  CeO,  and  .0506  H,0. 

Hence,  in  the  dry  salt,  we  have  63.261  per  cent,  of  CeOj, 
In  each  sample  of  CeO,  the  excess  of  oxygen  over  Ce,Oj  was  estimated 
by  an  iodometric  titration ;  but  the  data  thus  obtained  need  not  be  fur- 
ther considered. 

In  two  papers  by  Rammelsberg*  data  are  given  for  the  atomic  weight 
of  cerium,  as  follows.  In  the  earlier  paper  cerium  sulphate  was  analyzed, 
the  cerium  being  thrown  down  by  caustic  potash,  and  the  acid  precipi- 
tated from  the  filtrate  as  barium  sulphate : 

.413  grm.  Ce,(S04),  gave  ,244  gnu.  CeO,  and  .513  grai.  BaSOi. 

Hence  100  BaSO^  =  47.563  CeO„  a  value  which  may  be  combined  with 
others,  thus ;  this  figure  being  assigned  a  weight  equal  to  one  experi- 
ment in  Bunsen's  series : 

Beringer 49.S19,  dr  .042 

Runsen  and  Jcgel 48.689,  dz  .077 

Rammelsberg 47.563,  ±  .  108 

General  mean 49-3^i  =b  .035 

It  should  be  noted  here  that  this  mean  is  somewhat  arbitrary,  since 
Bunsen  and  Rammelsberg's  cerium  salts  were  undoubtedly  freer  from 
didymium  than  the  material  studied  by  Beringer. 

In  his  later  paper  Rammelsberg  gives  these  figures  concefrning  cerium 
oxalate.  One  hundred  parts  gave  10.43  of  carbon  and  21.73  of  water. 
Hence  the  dry  salt  should  yield  48.862  per  cent,  of  CO,,  whence  Ce  = 
137.14. 

•:n  all  of  the  foregoing  experiments  the  eerie  oxide  was  somewhat  col- 
ored, the  tint  ranging  from  one  shade  to  another  of  light  brown  according 
to  the  amount  of  didymium  present.  Still,  at  the  best,  a  color  remained, 
which  was  supposed  to  be  characteristic  of  the  oxide  itself.  In  1868, 
however,  some  experiments  of  Dr.  C.  Wolff  were  posthumously  made 
public,  which  went  to  show  that  pure  ceroso-ceric  oxide  is  white,  and 
that  all  samples  previously  studied  were  contaminated  with  some  other 
earth,  not  necessarily  didymium  but  possibly  a  new  substance,  the  re- 
moval of  which  tended  to  lower  tke  apparent  atomic  weight  of  cerium 
very  perceptibly. 

Cerium  sulphate  was  recrystallized  at  least  ten  times.  Even  after 
twenty  recrystallizations  it  still  showed  spectroscopic  traces  of  didymium. 
The  water  contained  in  each  sample  of  the  salt  was  cautiously  estimated, 
and  the  cerium  was  thrown  down  by  boiling  concentrated  solutions  of 

*  Poggend.  Annalcn,  55,  65 ;  xo8,  44. 
t  Amer.  Journ.  Science  and  Arta  (2),  46,  53. 
22 
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oxalic  acid.  The  resulting  oxalate  was  ignited  with  great  care.  I  de- 
duce from  the  weighings  the  percentage  of  CeO,  given  by  the  anhydrous 
sulphate : 

Sulphate,                   Water,                     CeO^,  Percent,  CeO^ 

1*4542  grm.                 .19419  grm.  .76305  grm.  60.559 

i.4«04    •*                    .1898      "  .7377      "  60.437 

1.35027  **                    .1820      **  .70665    **  60.487 

Mean,  60.494 

After  the  foregoing  experiments  the  sulphate  was  further  purified  by 
solution  in  nitric  acid  and  pouring  into  a  large  quantity  of  boiling  water. 
The  precipitate  was  converted  into  sulphate  and  analyzed  as  before : 


Sulphate, 
"-4327  grm. 
1.5056    - 
1.44045  " 

Water, 

.2733  grm. 

.2775    " 
.27ro    ** 

CeO^, 

.69925  grm. 

.7405      " 
.7052       " 

Percent.  CeO^ 
60.311 
60.296 
60.300 

Mean,  60.302 

From  another  purification  the  following  weights  were  obtained : 

1.4684  grm.  .1880  grm.  .7717  grm.  60. 270  per  cent. 

A  last  purification  gave  a  still  lower  percentage : 

'•3756  gmi.      .1832  grm.      .7186  grm.      60.265  P^*"  c*"^* 

The  last  oxide  was  perfectly  white,  and  was  spectroscopically  free  from 
didymium.  In  each  case  the  CeO,  was  titrated  iodometrically  for  its 
excess  of  oxygen.  It  will  be  noticed  that  in  the  successive  series  of  de- 
terminations the  percentage  of  CeOj  steadily  and  strikingly  diminishes 
to  an  extent  for  which  no  ordinary  impurity  of  didymium  can  account. 
The  death  of  Dr.  Wolf  interrupted  the  investigation,  the  results  of  which 
were  edited  and  published  by  Professor  F.  A.  Genth. 

In  the  light  of  more  recent  evidence,  little  weight  can  be  given  to  these 
observations.  All  the  e^^periments,  taken  equall3%give  a  mean  percent- 
age of  CeO,  from  Ce,(SO,),  of  60.366,  ±  .0308.  This  mean  has  obviously 
little  or  no  real  significance. 

The  experiments  of  Wolf  attracted  little  attention,  except  from  Wing,* 
who  partially  verified  certain  aspects  of  them.  This  chemist,  incidentally 
to  other  researches,  purified  some  cerium  sulphate  after  the  method  of 
Wolf,  and  made  two  similar  analyses  of  it,  as  follows  : 

Sulphate,  Water,  CeO^,  Per  cent.  CeO^ 

1.2885  grm.  .1707  grm.  .6732  grm.  60.225 

1.4090    "  .1857     "  .7372    *•  60.263 

Mean,  60  244 

•  Am.  Journ.  Sci.  (2),  49,  358.    1870. 
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The  cerio  oxide  in  this  case  was  perfectly  white.  The  cerium  oxalate 
which  yielded  it  was  precipitated  boiling  by  a  boiling  concentrated  solu- 
tion of  oxalic  acid.  The  precipitate  stood  twenty-four  hours  before 
filtering. 

In  1875  Buehrig's  *  paper  upon  the  atomic  weight  of  cerium  was  issued. 
He  first  studied  the  sulphate,  which,  after  eight  crystallizations,  still 
retained  traces  of  free  sulphuric  acid.  He  found,  furthermore,  that  the 
salt  obstinately  retained  traces  of  water,  which  could  not  be  wholly  ex- 
pelled by  heat  without  partial  decomposition  of  the  material.  These 
sources  of  error  probably  affect  all  the  previously  cited  series  of  experi- 
ments, although,  in  the  case  of  Wolf's  work,  it  is  doubtful  whether  they 
could  have  influenced  the  atomic  weight  of  cerium  by  more  than  one  or 
two  tenths  of  a  unit.  Buehrig  also  found,  as  Marignac  had  earlier  shown, 
that  upon  precipitation  of  cerium  sulphate  with  barium  chloride  the 
barium  sulphate  invariably  carried  down  traces  of  cerium.  Furthermore, 
the  eerie  oxide  from  the  filtrate  always  contained  barium.  For  these 
reasons  the  sulphate  was  abandoned,  and  the  atomic  weight  determina- 
tions of  Buehrig  were  made  with  air-dried  oxalate.  This  salt  was  placed 
in  a  series  of  platinum  boats  in  a  combustion  tube  behind  copper  oxide. 
It  was  then  burned  in  a  stream  of  pure,  dry  oxygen,  and  the  carbonic 
acid  and  water  were  collected  after  the  usual  method.  Ten  experiments 
were  made;  in  all  of  them  the  above-named  products  were  estimated, 
and  in  five  analyses  the  resulting  eerie  oxide  was  also  weighed.  By  de- 
ducting the  water  found  from  the  weight  of  the  air-dried  oxalate,  the 
weight  of  the  anhydrous  oxalate  is  obtained,  and  the  percentages  of  its 
constituents  are  easily  determined.  In  weighing,  the  articles  weighed 
were  always  counterpoised  with  similar  materials.  The  following  weights 
were  found : 

Oxalate,  Water,  CO^.  CeO^. 

9-8541  grin.  2. 1987  grm.  3.6942  grm 

9.5368  •*  2.1269  •*  3.5752  " 

9.2956  •'  2.0735  "  3.4845  **  

10.0495  **  2.2364  "  3.7704  "  

10.8249  **  2.4145  *'  4.0586  '*  

9.3679  "  2.0907  '•  3-5"8  **  4.6150  grm. 

9.7646     "  2.1769  *•  3.6616  ••  4.8133      •* 

9.9026  **  2.2073  **  3.7 '39  **  4.8824     '* 

9.9376  **  2.2170  **  3.7251  "  4.8971      ** 

9.5324  "  2.1267  *•  3.573s  •*  4.6974     •• 


These  figures  give  us  the  following  percentages  for  CO,  and  CeO,  in  the 
anhydrous  oxalate : 

•  Journ.  fOr  Prakt.  Chem.,  lao,  223.    1875. 
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CO^.  CeO^. 

48.256  

48.249  

48.248  

48.257  

48.257  

48.258  63417 
48.257  63.436 
48.262  63.446 

48.249  63.429 
48.253  63.430 


Mean,  48.2546  ±.  .ooi  Mean,  63.4316,  ±.  .0032 

These  results  could  not  be  appreciably  affected  by  combination  with 
the  single  oxalate  experiments  of  Jegel  and  of  Rammelsberg,  and  the 
latter  may  therefore  be  ignored. 

Robinson's  work,  published  in  1884  *  was  based  upon  pure  cerium 
chloride,  prepared  by  heating  dry  cerium  oxalate  in  a  stream  of  dry, 
gaseous  hydrochloric  acid.  This  compound  was  titrated  with  standard 
solutions  of  pure  silver,  prepared  according  to  Stas,  and  these  were 
weighed,  not  measured.  In  the  third  column  I  give  the  ratio  between 
CeCl,  and  100  parts  of  silver : 


Of  a,. 

A^r. 

Ratio. 

5.5361 

7.26630 

76.189 

6,0791 

7.98377 

76172 

6.4761 

8.50626 

76.133 

6.98825 

9.18029 

76.122 

6.6873 

8.78015 

76.164 

7.0077 

9.20156 

76.158 

6.9600 

9. '3930 

76.150    • 
Mean,  76.155,  rb. 0065 

Reduced  to  a  vacuum  this  becomes  76.167. 

In  a  later  paper,t  Robinson  discusses  the  color  of  eerie  oxide,  and 
criticises  the  work  of  Wolf.  He  shows  that  the  pure  oxide  is  not  white, 
and  makes  it  appear  probable  that  Wolfs  materials  were  contaminated 
with  compounds  0/  lanthanum.  He  also  urges  that  Wolfs  cerium  sul- 
phate could  not  have  been  absolutely  definite,  because  of  defects  in  the 
method  by  which  it  was  dehydrated. 

Brauner,J  in  1885,  investigated  cerium  sulphate  with  extreme  care, 
and  appears  to  have  obtained  material  free  from  all  other  earths  and 
absolutely  homogeneous.     The  anhydrous  salt  was  calcined  with  all 

5 ____^_ 

•  Chemical  News,  50,  251.    Nov.  28, 1884.    Proc.  Roy.  Soc.,  37, 150. 
t  Chemical  News,  54,  229.    1886. 
\  Sitzungs.  Wien.  Akad.,  Bd.  92.    July,  1885. 
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necessary  precautions,  and  the  data  obtained,  reduced  to  a  vacuum,  were 
as  follows : 

Cft(SO^\,                         CeOy  Per  cent,  CeOy 

2.16769                          I. 31296  60.5693 

2.43030                          1.47205  60.5707 

2.07820                          1.25860  60.5620 

2.21206                          1.339S9  60.5721 

1.28448                           .77845  60.6043 

1.95540                          1.18436  60.5687 

2.46486                          1.49^90  60,5673 

2.04181                          1.23733  60.5997 

2.17714                          I. 31878  60.5739 

2.09138                          1.26654  60.5605 

2.21401                              '.34»39  60.5863 

2.44947                              1.48367  60.5711 

2.22977                              1.35073  60.5771 

2.73662                              1.65699  60.54S6 

2.62614                              1.59050  60.5642 

1.67544                              1. 01470  60.5632 

1.57655                               .95540  60.6007 

2.72882                              1.65256  60.5600 

2.10455                              1.27476  60.5716 

2.10735                              1.27698  60.5965 

2.43557                             i.475"7  60.5692 

3.01369                             1.82524  60.5649 

4.97694                            3.01372  60.5537 

Mean,  60  5729,  dr  .0021 

This  mean  completely  outweighs  the  work  done  by  Wolf  and  Wing, 
so  that  upon  combination  the  latter  practically  vanish.  Wing's  mean  is 
arbitrarily  given  equal  weight  with  Wolfs,  and  the  combination  is  as 
follows : 

WoJf. 60.366,   db  .0308 

Wing 60.244,    rb  .0308 

Brauner 60.5729,  db  .0021 

General  mean 60.566,    ifc  .0021 


In  1895  several  papers  upon  the  cerite  earths  were  published  by  Schutz- 
enberger.*  .  In  the  first  of  these  a  single  determination  of  atomic  weight 
is  given.  Pure  CeO,,  of  a  yellowish  white  color,  was  converted  into  sul- 
phate, which  was  dried  in  a  current  of  dry  air  at  440°.  This  salt,  dis- 
solved in  water,  was  poured  into  a  hot  solution  of  caustic  soda,  made 
from  sodium,  and,  after  filtration  and  washing,  the  filtrate,  acidulated 
with  hydrochloric  acid,  was  precipitated  with  barium  chloride.  The 
trace  of  sulphuric  acid  retained  by  the  cerium  hydroxide  was  recovered 
by  re-solution  and  a  second  precipitation,  and  added  to  the  main  amount. 

*  Compt.  Rend.,  lao,  pp.  663,  962,  and  1143.    1895. 
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100  parts  of  Ce,(SO J,  gave  1 23.30  of  BaSO,.  This  may  be  assigned  equal 
weight  with  one  experiment  in  Marignac's  series,  giving  the  following 
combination : 

Hermann 123  926,  db  .238 

Marignac 122.40,    ±  .  138 

Schutzenl)erger 123.30,    ±:  .238 

General  mean 122.958,  zfc  . H39 

Schutzenberger,  criticising  Brauner's  work,  claims  that  the  latter  was 
affected  by  a  loss  of  oxygen  during  the  calcination  of  the  cerium  dioxide. 

In  his  second  and  third  papers  Schutzenberger  describes  the  results 
obtained  upon  the  fractional  crystallization  of  cerium  sulphate.  Prepa- 
rations were  thus  made  yielding  oxides  of  various  colors — canary  yellow, 
rose,  yellowish  rose,  reddish,  and  brownish  red.  These  oxides,  by  syn- 
thesis of  sulphates,  the  barium-sulphate  method,  etc.,  gave  varying  values 
for  the  atomic  weight  of  cerium,  ranging  from  135.7  to  143.3.  Schutzen- 
berger therefore  infers  that  cerium  oxide  from  cerite  contains  small 
quantities  of  another  earth  of  lower  molecular  weight;  but  the  results  a<* 
given  are  not  sufficiently  detailed  to  be  conclusive.  The  third  paper  is 
essentially  a  continuation  of  the  second,  with  reference  to  the  didymiums. 

Schutzenberger's  papers  were  promptly  followed  by  one  from  Brauner,* 
who  claims  priority  in  the  matter  of  fractionation,  and  gives  some  new 
data,  the  latter  tending  to  show  that  cerium  oxide  is  a  mixture  of  at  least 
two  earths.  One  of  these,  of  a  dark  salmon  color,  he  ascribes  to  a  new 
element,  "  meta-cerium."  The  other  he  calls  cerium,  and  gives  for  it  a 
preliminary  atomic  weight  determination.  The  pure  oxalate,  by  Gibbs' 
method,  gave  46.934  per  cent,  of  -CeO,,  and,  on  titration  with  potassium 
permanganate,  29.503  and  29.506  per  cent,  of  0,0,.  Hence  Ce  ==  138.799. 
In  mean,  this  ratio  may  be  written — 

3C,0,  :  2CeO,  :  :  29.5045  :  46.934, 

and  to  each  of  its  numerical  terms  we  may  roughly  assign  the  probable 
error  ±  .001.     This  is  derived  from  the  average  of  the  two  titrations,  and 
is  altogether  arbitrary. 
The  ratios,  good  and  bad,  for  cerium  now  are — 

(I.)  Ce,(SO^),  :  3BaSO^  :  :  100  :  122.958,  ±  .1139 

(2.)  3BaS04  :  2CeO,  :  :  100  :  49360,  ±  .035 

(3.)  3BaCI,  :  Ce,(SOj3  -  lOo  :  9».625,  ±  .016 

(4.)  3AgCI  :  CeO,  :  :  loo  :  40.469,  ±  .0415 

(5.)   Percentage  CeO,  from  Ce,(SO^)„  60.566,  db  .0021 

(6.)   Percentage  CeO,  from  Ce,(C,04)j,  63.4316,  ±:  .0032 

(7.)  Percentage  CO,  from  Ce3(C,0^)3,  48.2546,  db  .001. 

(8.)  3Ag  :  CeCl,  :  :  100  :  76.167,  rfc  .0065 

(9.)  3C,Os  :  2CeO,  :  :  29.5045,  dr  .001  :  46.934,  ±  .001 

•Chem.  News,  71,  283. 
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To  reduce  these  ratios  we  have — 

O        =    15.879,  dr. 0003  C    =    11.920,43.0004 

CI       =    3S-»79,  ±-0048  S    =   31.828,^.0015 

Ag     =  107.108,  ±  .0031  Ba  =  136.392,  ±  .0086 
AgCl  =  142.287,  ±  .0037 

From  the  ratios,  with  these  intermediate  data,  we  can  get  two  values 
for  the  molecular  weight  of  Ce,(SOJ„  and  five  for  that  of  CeO,.  For 
cerium  sulphate  we  have — 

From  (i) Cc,(SOJ,  =  565.404,  ±  .  "670 

From  (3) "        =  568.304,  ±  .1054 

General  mean ^€,(804),  =  567.478,  ±  .0891 

Hence  Ce  =  140.723,  ±  .0451. 
For  eerie  oxide  the  values  are — 

From  (2) CeO,  =  171. 577,  ±  .1218 

From  (4) •*     =  172.746,  dt.1772 

Prom  (5) *'     =170.879,  rh.0115 

From  (6) "     =172.125,^.0177 

From  (9) •*     =170.557,^.0076 

General  mean CeO,  =  170.827,  it  .0060 

And  Ce  =  139.069,  ±  .0061. 

For  cerium  itself,  four  independent  values  are  now  calculable,  as 
follows : 

From  molecular  weight  of  sulphate. . .  Ce  =  140.723,  ±z  .0451 

From  molecular  weight  of  dioxide  ...  **  =:  139.069,  ±  .0061 

From  ratio  (8) '*  =  139.206,  db  .0263 

From  ratio  (7) "  =  140.516,  ■±  .0047 

General  mean Ce  =  140. 1 13,  db  .0036 

If  0  =  16,  Ce  =  141.181. 

It  must  be  admitted  that  this  combination  is  of  very  questionable 
utility.  Its  component  means  vary  too  widely  from  each  other,  and  in- 
volve too  many  uncertainties.  Furthermore,  Schutzenberger  and  Brau- 
ner  both  impugn  the  homogeneity  of  the  supposed  element,  as  it  ha.s 
hitherto  been  recognized.  Even  if  no  "  meta-elements  "  are  involved  in 
the  discussion,  it  seems  clear,  on  chemical  grounds,  that  the  two  lower 
values  are  really  preferable  to  the  two  higher,  and  that  ratio  (7)  receives 
excessive  weight.  The  general  mean  obtained  is  probably  a  full  unit  too 
high.   The  value  139.1  is  perhaps  nearly  correct. 
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LANTHANUM. 

Leaving  out  of  account  the  work  of  Mosander.  and  the  valueless  ex- 
periments of  Choubine,  we  may  consider  the  estimates  of  the  atomic 
weight  of  lanthanum  which  are  due  to  Hermann,  Rammelsberg,  Marig- 
nac,  Czudnowicz,  Holzmann,  Zschiesche,  Erk,  Cleve,  Brauner,  Bauer, 
and  Bettendorff. 

From  Rammelsberg*  we  have  but  one  analysis.  .700  grm,  of  lantha- 
num sulphate  gave  .883  grm.  of  barium  sulphate.  Hence  100  parts  of 
BaSO^  are  equivalent  to  79.276  of  La,(SOJ,. 

Marignac,t  working  also  with  the  sulphate  of  lanthanum,  employed 
two  methods.  First,  the  salt  in  solution  was  mixed  with  a  slight  excess 
of  barium  chloride.  The  resulting  barium  sulphate  was  filtered  off  and 
weighed;  but, as  it  contained  some  occluded  lanthanum  compounds, its 
weight  was  too  high.  In  the  filtrate  the  excess  of  barium  was  estimated, 
also  as  sulphate.  This  last  weight  of  sulphate,  deducted  from  the  total 
sulphate  which  the  whole  amount  of  barium  chloride  could  form,  gave 
the  sulphate  actually  proportional  to  the  lanthanum  compound.  The 
following  weights  are  given : 


la,{SO,),. 

BaClr 

isl  BaSO^. 

2d  BaSO^ 

,346  grm. 

4.758  grm. 

5.364  grm. 

.733    " 

5.178    " 

5.848    - 

.147    " 

Hence  we  have  the  following  quantities  of  Iia^(SOJ,  ])roportional  to 
100  parts  of  BaSO^.  Column  A  is  deduced  from  the  first  BaSO^  and 
column  B  from  the  second,  after  the  manner  above  described  : 

A.  B. 

81.022  83.281 

80.934  83.662 


Mean,  80.978,  ±  .030  Mean,  83.47 1 ,  ±  .  128 

From  A I-a  =  138.47 

From  B "  =  I47.«3 

A  agrees  best  with  other  determinations,  although,  theoretically,  it  is 
not  so  good  as  B. 

Marignac's  second  method,  described  in  the  same  paper  with  the  forgo- 
ing experiments,  consisted  in  mixing  solutions  of  La^CSO/,  with  solutions 
of  BaCl,,  titrating  one  with  the  other  until  equilibrium  was  established. 
The  method  has  already  been  described  under  cerium.     The  weighings 

•  PoKR^nd.  Annalen.  55,  65. 

t  Arch.  Sci.  Phys.  et  Nat.  (1),  11,  29.     1849. 
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give  maxima 

and  minima  for  BaCl,.    In  another  column  I  give  La,(SOJ, 

proportional 

to  100  parts  of  BaCl,,  mean  weights  being  taken  for  the 

latter: 

La,[SO,),,                   BaO,. 

Hatio, 

11.644  gnn.         12.765  —  12.825  grm. 

91^)04 

12.035    *'             13.195—  13.265    " 

90.968 

10.690    "             11.669 — 11.749    " 

91.297 

12.750    "             13.920—14.000    *• 

9'.332 

10.757    «*             11.734— 11.814    " 

91.362 

12.672    "             13.813  —  13.893    " 

91.475 

9.246    •'             10.080— 10.160    " 

91.364 

10.292    **             11.204— 11.264    **. 

91.615 

10.192    **             II. Ill  —  II. 171    •* 

91.482 

Mean,  91.322,  ±.  .048 

Hence  I^  =  140.2. 

Although  not  next  in  chronological  order,  some  still  more  recent  woric 
of  Marignac's*  may  properly  be  considered  here.  The  salt  studied  was 
the  sulphate  of  lanthanum,  purified  by  repeated  crystallizations.  In  two 
experiments  the  salt  was  calcined,  and  the  residual  oxide  weighed  ;  in 
two  others  the  lanthanum  was  precipitated  as  oxalate,  and  converted  into 
oxide  by  ignition.    The  following  percentages  are  given  for  LajOa : 


"'^    V  By  calcination. 


57.50 


57.55/^^ 


as  oxalate. 


Mean,  57.5475,  ±  .o" 5 

The  atomic  weight  determinations  of  Holzmann  f  were  made  by  analy- 
ses of  the  sulphate  and  iodate  of  lanthanum,  and  the  double  nitrate  of 
mi^nesium  and  lanthanum.  In  the  sulphate  experiments  the  lantha- 
num was  first  thrown  down  as  oxalate,  which,  on  ignition,  yielded  oxide. 
The  sulphuric  acid  was  precipitated  as  BaSO^  in  the  filtrate. 

.9663  grm.  .5»57grm.  1. 1093  grm. 

.6226    "  .3323    **  .7'23    " 

.8669    **  .4626    *•  .9869    " 

These  results  are  best  used  by  taking  the  ratio  between  the  BaSO^,  put 
at  100,  and  the  La^Oj.    The  figures  are  then  as  follows  : 

46.489 
46652 
46.873 

Mean,  46.671,  ±.  .075 

•  Ann.  Chim.  Phys.  (4),  30.  68.    1873. 
t  Journ.  fttr  Prakt.  Chem.,  75,  321.    1858. 
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In  the  analyses  of  the  iodate  the  lanthanum  was  thrown  down  as  oxa- 
late, as  before.  The  iodic  acid  was  also  estimated  volumetrically,  but 
the  figures  are  hardly  available  for  present  discussion.  The  following 
percentages  of  La,0,  were  found : 

23.454 
23.419 
23.468 


Mean,  23.447,  d:  .0216 

The  formula  of  this  salt  is  La,(I0,V3H,0. 

The  double  nitrate,  La,tN03V3Mg(NO,),.24H,0,  gave  the  following 
analytical  data : 


Salt. 

Hfi. 

MgO. 

La^O^. 

5327  gnn. 

.04'7  grm« 

.1131  grai. 

5931  " 

.1734  *• 

.0467  «• 

.1262  " 

5662  " 

.1647  " 

.0442  *• 

.1197  " 

3757  " 

.0297  *' 

.0813  *• 

3263  - 

.0256  •* 

.0693  ** 

These  weighings  give  the  subjoined  percentages  of  La^O, : 

21.231 
21.278 
21.141 
21.640 
21.238 

Mean,  21.3056,  d=  .058 

These  data  of  Holzmann  give  values  for  the  molecular  weight  of  La^O, 
as  follows : 

From  sulphate ^O,  =  322.460 

From  iodate '•      =  320.726 

From  magnesian  nitrate **      =  322.904 

Czudnowicz*  based  his  determination  of  the  atomic  weight  of  lantha- 
num upon  one  analysis  of  the  air-dried  sulphate.  The  salt  contained 
22.741  per  cent,  of  water. 

.598  grm.  gave  .272  grm.  La^O,  and  .586  grm.  BaSO^. 

The  La^Oj  was  found  by  precipitation  as  oxalate  and  ignition.  The 
BaSO^  was  thrown  down  from  the  filtrate.  Reduced^  to  the  standards 
already  adopted,  these  data  give  for  the  percentage  of  lja,0,  in  the  anhy- 
drous sulphate  the  figure  58.668.  79.117  parts  of  the  salt  are  propor- 
tional to  100  parts  of  BaSO,. 

•  Journ.  fur  Prakt.  Chera.,  80.  33.    i860. 
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Hermann*  studied  both  the  sulphate  and  the  carbonate  of  lanthanum. 
From  the  anhydrous  sulphate,  by  precipitation  as  oxalate  and  ignition, 
the  following  percentages  of  LajOj  were  obtained : 

57.690 
57.663 
57.610 


Mean,  57.654,  dr  .016 

The  carbonate,  dried  at  100**,  gave  the  following  percentages : 

68.47  LajO,' 

27.67  CO,. 

3.86  H,0. 

Reckoning  from  the  ratio  between  CO,  and  Lafi^,  the  molecular  weight 
of  the  latter  becomes  324.254. 

Zschiesche's  t  experiments  consist  of  six  analyses  of  lanthanum  sul- 
phate, which  salt  was  dehydrated  at  230°,  and  afterwards  calcined.  I 
subjoin  his  percentages,  and  in  a  fourth  column  deduce  from  them  the 
percentage  of  La^Oj  in  the  anhydrous  salt : 

22.629  33470  43.909 
22.562  33.306  44.132 
22.730  33.200  44.070 
22.570  33.333  44.090 
22.610  33.160  44.240 

22.630  33.05"  44.3"o 


Erk  X  found  that  .474  gnn.  of  La^CSO^),,  by  precipitation  as  oxalate  and 
ignition,  gave  .2705  grm.  of  La,0„  or  57.068  per  cent.  .7045  grm.  of  the 
sulphate  also  gave  .8815  grm.  of  BaSO^.  Hence  100  parts  of  BaSO^  are 
equivalent  to  79.921  of  La,(SO,),. 

Fromdeve  we  have  two  separate  investigations  relative  to  the  atomic 
weight  of  lanthanum.  In  his  first  series  §  strongly  calcined  LajO,,  spec- 
troscopically  pure,  was  dissolved  in  nitric  acid,  and  then,  by  evaporation 
with  sulphuric  acid,  converted  into  sulphate: 

1. 92 1 5  grm.  La,0,  gave  3.3365  grm.  sulphate. 
2.0570  "  3.5705 

f.6980  '*  2.9445  **  ' 

2.0840  *'  3.6170  '* 

1.9565  *'  3.3960 


•  Journ.  fOr  Prakt.  Chem.,  82,  396.    1861. 

t  Journ.  fQr  Prakt.  Chem.,  104, 174. 

\  Jenaisches  Zeitschrifl,  6,  306.    1871. 

\  K.  Svensk.  Vet.  Akad.  Handllngar,  Bd.  3,  No.  7.    1874. 


Lafi^  in 

Anhydrous  Salt 

56.745 

56.964 

57.034 

56.947 

57.»5o 

57.277 

Mean, 

,  57.021,  dr 

.051 

57- 590  pef  cent. 

S7.6II       " 

57.667      " 

57.617       " 

57.612      " 

Mean, 

,  57.619.  ±  .0085 

348 


THB   ATOMIC   WEIGHTS. 


From  the  last  column,  which  indicates  the  percentage  of  lia,0,  in 
La,(SO,)„  we  get,  if  SO,  =  80,  U  =  139.15. 

In  his  second  paper,*  published  nine  years  later,  Cleve  gives  results 
similarly  obtained,  but  with  lanthanum  oxide  much  more  completely 
freed  from  other  earths.  The  data  are  as  follows,  lettered  to  correspond 
to  diflTerent  fractions  of  the  material  studied : 


B,       .8390  grm.  La,0,  gave  1.4600  sulphate. 


C.^ 


1861 

.8993 
.8685 
.8515 
6486 

7329 
1.2477 


■■{: 


,  (   I.I62I 

*  1  1. 5749 


1;; 


3367 
4455 


2.0643 
1.5645 
1.5 108 

1.4817 
1. 1282 
1.2746 
2.1703 
2.0217 
2.7407 
2.3248 
2.5146 


57.466  per  ceni, 

57458 
57.482 
57.486 
57.468 
57.490 
57.500 
57.490 
57.481 
57.463 
57.497 
57.484 


Mean,  57.480,  rfc  .0040 


Hence  with  SO,  =  80,  La  =-  138.22. 

From  Brauner  we  also  have  two  sets  of  determinations,  both  based  upon 
the  conversion  of  pure  La^Og  into  La,(SOJ,. 

In  his  first  paper,  Brauner f  gives  only  two  syntheses,  as  follows: 


1.75933  grm.  La,0,  gave  3.05707  La,(SOJ,. 
.92417  **  1.60589        " 


57.566  per  cent. 
57.549       " 


Mean,  575575 

This  mean  we  may  regard  as  of  equal  weight  with  Marignac's,  and 
assign  to  it  the  same  probable  error. 

In  Brauner's  second  paper  J  six  experiments  are  given ;  but  the  weights 
are  affected  by  a  misprint  in  the  second  determination,  which  I  am  un- 
able to  correct.     Only  five  of  the  s^^ntheses,  therefore,  are  given  below. 

.7850  grm.  La,0,  gave  1.3658  La,(SO^),.  57.47^  per  cent. 


2.1052 

I.OOIO 

1.3807 
».5275 


3.6633 
1.74H 
2.4021 
2.6588 


57.467 

57.525  " 

57-479  •* 

57.45"  '* 

Mean,  574^0,  ±  .0084 


Brauner's  weighings  are  all  reduced  to  a  vacuum. 

Both  Bauer  and  Bettendorff  made  their  determinations  of  the  atomic 

*  K.  Svcnsk.  Vet.  Akad.  Handlingar.  No.  J.  1883. 

t  Journ.  Cheni.  Soc.,  Feb.,  1882,  p.  68. 

X  SitzunKsb.  Wien.  Akad.,  June,  18^2.  Bd.  86,  II  Abth. 
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weight  of  lanthanum  by  the  same  general  method  as  the  preceding 
Bauer's  data  *  are  as  follows : 

.6431  giin.  La^O,  gave  1. 1 171  sulphate.  57-5^  per  cent. 

.7825  •*  1.3613        **  57.482       ** 

1.0112  **  1.757'        **  57.549      ** 

.7325  "  1.2725        "  57.564      «' 

Mean,  57.541,  ±.0136 

Bettendorff  found  f — 

.9146  grro.  La^Os  gave  1.5900  sulphate.  57*522  per  cent. 

•9395  **  1.6332        *«  57.525       *• 

.9»33  "  1.5877        •*  57.523       " 

1.0651  ••  1.8515        "  57.526      *' 

Mean,  57.524,  ±  .0006 

We  may  now  combine  the  similar  means  into  general  means,  and  de- 
duce a  value  for  the  atomic  weight  of  lanthanum.  For  the  percentage  of 
oxide  in  sulphate  we  have  estimates  as  follows.  The  single  experiments 
of  Czudnowicz  and  of  Erk  are  assigned  the  probable  error  and  weight  of 
a  single  experiment  in  Hermann's  series : 

Czudnowicz 58.668,    ±  .027 

Erk 57.068,    db  .027 

Hermann 57.654,    rfc  .016 

Zschiesche 57021,    ±.051 

Marignac 57.5475,  ±  .01 15 

Cleve,  earlier  series 57.619,    ±  .0085 

Cleve,  later  series 57.480,    dr  .0040 

Brauner,  earlier  scries 57.5575,  ±  -oi  15 

Brauner,  later  series 57.480,    d=  .0084 

Bauer 57-54',    ±  .0136 

BettendorfT. 57-524,    ±  .0006 

General  mean 57-522,    zt  .00059 

This  result  is  practically  identical  with  that  of  Bettendorff,  whose  work 

seems  to  receive  excessive  weight.    The  figure,  however,  cannot  be  far 

out  of  the  way. 

For  the  quantity  of  LajCSO^),  proportional  to  100  parts  of  BaSO^,  we 

have  five  experiments,  which  may  be  given  equal  weight  and  averaged 

together : 

Marignac 81.022 

Marignac 80.934 

Rammelsberg 79. 276 

Czudnowicz 79- '  •  7 

Erk 79.921 


Mean,  80.054,  rfc  .270 


*  Freiburg  Inaugural  Dissertation,  1884. 
t  Ann.  d.  Chem.,  356, 168. 
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In  all,  there  are  six  ratios  from  which  to  calculate : 

(I.)  Percentage  of  La,0,  in  La,(S04)3,  57-522,  ±  .00059 

(2.)  3BaCI,  :  Laj(S04)3  :  :  100  :  91.322,  db  .048— Marignac 

(3.)  3HaS04  :  La,(SoJ,  :  :  loo  :  80.054,  db  .270 

(4.)  3BaS04  :  La,0,  :  :  100  i  46.671,  dc  .075— Holzmann 

(5.)  Percentage  of  La,0,  in  iodate,  23.447,  d=  .0216 — Holzmann 

(6.)  Percentage  of  La,0,  in  magnesian  nitrate,  21.3056,  ±  .058 — Holzmann 

Hermann's  single  experiment  on  the  carbonate  is  omitted  from  this 
scheme  as  being  unimportant. 

For  the  reduction  of  these  data  we  have — 

0=   15.879,^.0003  N    =   13.935,  =b  .0021 

CI  =-  35.179,  rb  .0048  C  =  11.920,  db  .0004 

1  fc  125.888,  ±  .0069  Mg=  24. 100,  ±  .001 1 

S  =  31.828,  dr  .0015  Ba  =  136.392,  d=  .0086 

For  lanthanum  sulphate  two  values  are  obtainable  : 

From  (2) LojCSO^)*  =  566.425,  db    .2999 

From  (3) ••        =  556.542,  db  1.8729 

General  mean Lo,(SOJ,  =  566. 182,  ±    .2961 

Hence  La  =  140.075,  ±:  .1481. 

For  the  oxide  there  are  four  independent  values,  as  follows  ; 

From  (i) La,0,  =  322.825,  ±  .0090 

From  (4) •*      =322.460,  dr. 521 5 

From  (5) '•      =320.726,^.3159 

From  (6) "      =322.904,^1.9107 

A  glance  at  these  figures  sliows  that  the  first  alone  deserves  considera- 
tion, and  that  a  combination  of  all  would  vary  inappreciably  from  it. 
Taking,  then,  La,0,  =  322.825,  ifc  .0090,  we  get- 
La  =  137-594,  ifc  .0046; 

or,  with  0  =  16,  La  ==  138.642. 

If  we  take  tiie  concordant  results  of  Cleve  s  and  Brauner's  later  series, 
which  give  the  percentage  of  1^,0,  in  La,(SO^)j  as  57.480,  then  Ija  = 
137.316.  Possibly  this  value  may  be  better  than  the  other,  but  the  evi- 
dence is  not  conclusive. 
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Leaving  Mosander's  early  experiments  out  of  account,  the  atomic 
weight  of  the  so-called  **  didymium  "  was  determined  by  Marignac,  Her- 
mann, Zschiesche,  Erk,  Cleve,  Brauner,  and  Bauer.  AH  of  these  data 
now  have  only  historical  value,  and  may  be  disposed  of  very  briefly. 

Marignac*  determined  the  ratios  between  didymium  sulphate  and 
barium  sulphate,  .between  silver  chloride  and  didymia,  and  between 
didymium  sulphate  and  didymium  oxide.  The  other  determinations  all 
relate  to  the  sulphate-oxide  ratio.  Leaving  all  else  out  of  account,  the 
earlier  data  for  the  percentage  of  Di,0,  in  012(804)5  are  as  follows.  The 
atomic  weight  of  Di  in  the  last  column  is  based  upon  SO,  =  80 : 

Percent.  Di^O^,      AL  WL  Di. 

MarignaCyf  five  experiments 58.270  143.56 

Hermann, {  one  experiment 58.140  142.67 

Zschiesche,}  five  experiments 57.926  141.21 

Erk,  II  two  experiments 58.090  142.33 

Cleve,^  six  experiments 58.766  147.02 

Brauner,**  three  experiments 58.681  146.42 

The  discordance  of  the  determinations  is  manifest,  and  yet  up  to  1883 
the  elementary  nature  of  didymium  seems  to  have  been  undoubted.  In 
that  year,  however,  Cleve  and  Brauner  both  showed,  independently,  that 
the  didymia  previously  studied  by  them  contained  samaria,  and  that 
source  of  disturbance  was  eliminated. 

In  Brauner*s  investigation  ft  the  didymium  compounds  were  carefully 
fractionated,  and  the  determinations  of  atomic  weight  were  made  by 
synthesis  of  the  sulphate  from  the  oxide  in  the  usual  way.  Neglecting 
details,  his  first  series  gave  results  as  follows : 

PercenLDi^Or  At.  JVL 

58.506  145.36 

58.526  145.50 

58.500  145.31 

58-515  145-42 

58.53'  145.53 

•Two  papers:  Arch.  Sci.  Phys.  et  Nat.  (i),  11,  29.    1849.    Ann.  Chim.  Phys.  (3),  38, 148.    1853. 
t  Ann.  Chim.  Phys.  (3),  38.  U8.    1853. 
t  Journ.  fnr  Prakt.  Chem.,  82,  367.    1861. 
I  Journ.  fQr  Prakt.  Chem.,  107,  74. 
•  Jenaisches  Zcitachrift,  6,  306.    1871. 
^  K.  Svensk.  Vet.  Akad.  Bandl.,  Bd.  2.  No.  8.    1874. 
••  Berichte,  15,  109.    1882. 

tt  Journ.  Chem.  Soc.,  June,  1883.  The  values  given  are  as  computed  by  Brauner,  with  O  »-  16 
and  8  «>  33.07. 
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Another  determination,  with  material  refractionated  from  that  used  in 
his  investigation  of  the  previous  year,  gave  58.512  per  cent.  Di,0,  and 
Di  =  145.40. 

These  determinations,  although  concordant  among  themselves,  are 
still  about  a  unit  lower  than  those  published  in  1882,  indicating  that  in 
the  earlier  research  some  earth  of  higher  molecular  weight  was  present. 
Accordingly,  another  series  of  fractionations  was  carried  out,  aad  the 
several  fractions  of  '*  didymia  "  obtained  gave  the  following  values : 
Fraction.  Ptr  cent,  Difi^.  j4t,  JVt.  **£H." 

1 58.355  '44.32 

2 58479  H5.16 

3 58.5'o  145.39 

4 58.755  H7.«o 

5                                         J  59.07'  '49.35 
I  59.086  I49(.46 

The  last  fraction  is  evidently  near  samaria  (Sm  =»  150),  and  this  earth 
was  proved  to  be  present  by  a  study  of  the  absorption  spectra  of  the 
material  investigated. 

Similar  results,  but  in  some  respects  more  CKplicit,  were  obtained  by 
Cleve,*  who  also  found  that  his  earlier  research  had  been  vitiated  by  the 
presence  of  samaria.  He  gives  two  series  of  syntheses  of  sulphate  from 
oxide,  with  two  different  lots  of  material,  after  eliminating  samaria,  and 
obtains,  computing  with  SOj  =  80,  values  for  Di  as  follows : 

First  Series. 
Percent.  Di^O^  At.  Wt.  Di. 

58.088  142.31 

58.  "3  '42.49 

58.047  '42.03 

58.099  '42.39 

58.104  '42.42 

58.098  142.38 

58. 104  '42.42 

58.103  '42.42 

58.070  '42.19 

58.079  142.25 

Second  Series. 
Percent.  Di^O^.  At.  Wt.  Di. 

58. '25  142.57 

58.093  142.35 

58.088  142.31 

58.1 1 1  142.47 

58.056  142. 10 
58.097  142.38 

58.057  142.10 

In  short,  the  atomic  weight  of  this  "  didymium  "  is  not  far  from  142. 

•Bull.  Soc.  Chim..  39.  289.    1885.    Ofv.  K.  Vet.  Akad.  Fdrhandl.,  No.  3,  1883. 
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Bauer's  little  known  determinations*  were  also  made  by  the  synthesis 
of  the  sulphate.     They  have  corroborative  value  and  are  as  follows  : 

Percent.  Di^O^.  At.  WL  Di. 
58.285  143.56 

58.100  142.40 

58.133  142.64 

58.098  142.38 

In  1885  all  of  the  foregoing  determinations  were  practically  brushed 
aside  by  Auer  von  Welsbaeh^t  who  by  the  most  laborious  fractionations 
proved  that  the  so-called  "  didymia  "  was  really  a  mixture  of  oxides, 
whose  metals  he  names  neodidymium  and  praseodidymium,  names 
which  are  now  commonly  shortened  into  neodymium  and  praseodymium. 
One  of  these  metals  gives  deep  rose-colored  salts,  the  other  forms  green 
compounds,  and  the  difference  of  color  is  almost  as  strongly  marked  as 
in  the  cases  of  cobalt  and  nickel.  Their  atomic  weights,  determined  by 
the  sulphate  method,  are  given  by  Welsbach  a^ — 

Pr  =  143.6 
Nd  =  140.8 

No  further  details  as  to  these  determinations  are  cited,  and  whether 
they  rest  upon  O  =  16,  SO,  =  80,  or  0  =  lo.96  is  uncertain.  Fuller  deter- 
minations are  evidently  needed. 

*  Freiburg  Inaugural  Dissertation,  1S84. 
t  Monatsh.  Chem.,  6,  400.    1885. 
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SCANDIUM. 

Cleve,*  who  was  the  first  to  make  accurate  experiments  on  the  atomic 
weight  of  this  metal,  obtained  the  following  data :  1.451  grm.  of  sulphate, 
ignited,  gave  .6293  grm.  of  Scfiy  .4479  grm.  of  Sc,0„  converted  into 
sulphate,  yielded  1.2255  grm.  of  the  latter,  which,  upon  ignition,  gave 
.4479  grm.  of  Sc,0,.  Hence,  for  the  percentage  of  Sc,Oj  in  ScjCSO^),  we 
have: 

36.478 
36.556 
36.556 

Mean,  36.530,  dr  .0175 

Hence,  if  SO,  =  79.465,  Sc  =.-  44.882. 

Later  results  are  those  of  Nilson,t  who  converted  scandium  oxide  into 
the  sulphate.  I  give  in  a  third  column  the  percentage  of  oxide  in  sul- 
phate : 

.3379  grm.  ScjOj  gave  .9343  grm.  Sc,(S04),.  36. 166  per  cent. 

.3015  "  .8330  "  36.194       " 

.2998  ••  .8257  "  36.187       •* 

.3192  *'  .8823  "  36.178       *' 

Mean,  36.181,  =fc  .004 

Hence  Sc  =  43.758. 

Combining  the  two  series,  we  have — 

Clevc 36.530.  dc  .0175 

Nilson    36. 181 ,  ±  .0040 

General  mean 36. 190,  i  .0039 

Hence,  with  SO,  =  79.465,  ±  .00175, 

Sc  =  43.784,  ±  .0085. 

If  0  =  16,  Sc  =  44.11 8. 

As  between  the  two  values  found,  the  presumption  is  in  favor  of  the 
lower.  The  most  obvious  source  of  error  would  be  the  presence  in  the 
scandia  of  earths  of  higher  molecular  weight. 

*  Compt.  Rend.,  89,  419. 
tCompt.  Reud.,  91,  118. 
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YTTRIUM. 


All  the  regular  determinations  of  the  atomic  weight  of  yttrium  depend 
upon  analyses  or  syntheses  of  the  sulphate.  A  series  of  analyses  of  the 
oxalate,  however,  by  Berlin  *  is  sometimes  cited,  and  the  data  are  as  fol- 
lows. •  In  three  experiments  upon  the  salt  Yt,(C,0^)j.3HjO  the  subjoined 
percentages  of  oxide  were  found : 

45.70 
4565 
45.72 


Mean,  45.69,  ±  .0141 
Hence  with  O  =  15.879  and  C  =  11.920, 

Yt  =  88.943. 

Ignoring  the  early  work  of  Berzelius,t  the  determinations  to  be  con- 
sidered are  those  of  Popp,  Delafontaine,  Bahr  and  Bunsen,  Cleve,  and 
Jones. 

Popp  I  evidently  worked  with  material  not  wholly  free  from  earths  of 
higher  molecular  weight  than  yttria.  The  yttrium  sulphate  was  dehy- 
drated at  200*^ ;  the  sulphuric  acid  was  then  estimated  as  barium  sul- 
phate, and  after  the  excess  of  barium  in  the  filtrate  had  been  removed 
the  yttrium  was  thrown  down  as  oxalate  and  ignited  to  yield  oxide- 
The  following  are  the  weights  given  by  Popp : 


Sulphate. 

BaSO^. 

Yl,0,. 

H^O. 

1.1805  grm. 

1.314s  grm. 

.474*  gnn. 

.255  Fm 

1.429s    " 

••593      " 

•5745    " 

.308    " 

.8455    '• 

.9407    '• 

•339*    " 

.1825  •' 

I.04S      •' 

1.163s    '« 

.4«95    " 

.2258  " 

Eliminating  water,  these  figures  give  us  for  the  percentages  of  Yt,Og  in 
Yt,(SOj,  the  values  in  column  A.  In  column  B  I  put  the  quantities  of 
YtjO,  proportional  to  100  parts  of  BaSO^ : 

A.  B. 

5«.237  36.075 

51.226  36.064 

51.161  36.058 

51.209  36.055 

Mean,  51.208,  rfc  .011  Mean,  36.063,  it  .003 

From  B,  Yt  =  101.54.  The  values  in  A  will  be  combined  with  similar 
data  from  other  experimenters. 

*  Porhandlingar  ved  dc  Skandinaviake  Naturforakeres,  8,  45a.    x86o. 

+  Lehrbuch,  V  Aufl.,  3, 1225. 

t  Ann.  Chem.  Pharm.,  131,  179.    1864. 
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In  1866  Delafontaine*  published  some  results  obtained  from  yttrium 
sulphate,  the  yttrium  being  thrown  down  as  oxalate  and  weighed  as 
oxide.  In  the  fourth  column  I  give  the  percentages  of  Yt,0,  reckoned 
from  the  anhydrous  sulphate : 

Sulphate.  y/,(9j.  Hfi.  Percent.  Yt^O^, 

•9545  grm-  .371  grna.  .216  grm.  50237 

2.485      •'  .9585  *'  .565     "  49.922 

2.153      "  .827     "  .4935  "  49.834 

Mean,  49.998,  d=  .081 

In  another  paper  f  Delafontaine  gives  the  following  percentages  of 
YtjOj  in  dry  sulphate.    The  mode  of  estimation  was  the  same  as  before : 

48.23 
48.09 
48.37 


Mean,  48.23,  db  .055 

Bahr  and  Bunsen,  J  and  likewise  Cleve,  adopted  the  method  of  con- 
verting dry  yttrium  oxide  into  anhydrous  sulphate,  and  noting  the  gain 
in  weight.  Bahr  and  Bunsen  give  us  the  two  following  results.  I  add 
the  usual  percentage  column  : 

Yt^O^,  Yt^(SO,)i,  Percent.  Yt^O^. 

.7266  grm.  1.4737  g™.  49.3<H 

.7856     "  1.5956     "  49.235 


Mean,  49.2695,  ±.0233 

Cleve's  first  results  are  published  in  a  joint  memoir  by  Cleveland 
Hoeglund,§  and  are  as  follows: 


K/,0,. 

Yt,(SO,\. 

Percent,  Yt^O^. 

1.4060  grm. 

2.8925  grm. 

48.608 

1.0930    ** 

2.2515     " 

48.545 

1.4540    " 

2.9895     " 

48.637 

1.3285     " 

2.7320    " 

48.627 

2.3500    ** 

4.8330    •* 

48.624 

2.5780    «• 

5.3055    " 

48.59" 

Mean,  48.605,  db  .0096 

In  a  later  paper  Cleve  ||  gives  syntheses  of  yttrium  sulphate  made  with 
yttria,  which  was  carefully  freed  from  terbia.  The  weights  and  percent- 
ages are  as  follows : 

♦Ann.  Chem.  Pharm.,  134,  108.    1865. 

t  Arch.  Sci.  Phys.  et  Nat.  (2).  25,  119,    1866. 

t  Ann.  Chem.  Pharm.,  137.  21.    1866. 

I  K.  Svenska  Vet.  Akad.  Handlingar,  Bd.  t,  No.  8.    1873. 

I K.  Svenska  Vet.  Akad.  Handling^ar,  No.  9,  1882.    See  also  Bull.  See.  Chim.,  39,  lao.    1883, 


YTTRIUM. 

Yt,0,. 

Yi.{SO,),. 

Percent,  J 

.8786 

1.8113 

48.507 

.8363 

1.7234 

48.526 

.8906 

1.8364 

48.497 

.7102 

1.4645 

48.494 

.7372 

i.5»94 

48.519 

.9724 

2.0047 

48.506 

.9308 

1.9197 

48.487 

.8341 

1.7204 

48.483 

1.0224 

2.1073 

48.517 

.9384 

1.9341 

48.519 

.9744 

2.0093 

48.494 

i.S3'4 

3.1586 

48.484 
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Yt,Or 


Mean,  48.503,^.0029 

Hence  Yt  ==  88.449. 

The  y  ttria  studied  by  Jones*  had  ]been  purified  by  Rowland's  method — 
that  is,  by  preci])itati()n  with  potassium  ferrocyanide— and  certainly  con- 
tained less  than  one-half  of  one  per  cent,  of  other  rare  earths  as  possible 
impurities.  Two  series  of  determinations  were  made — one  by  ignition  of 
the  sulphate,  the  other  by  its  synthesis.  The  results  were  as  follows,  with 
the  usual  percentage  column  added : 

First  Seines.    Syntheses, 


yi.o,. 

>7,(.TO0,. 

Percent.  Yt^O^. 

.2415 

.4984 

48.455 

.4112 

.8485 

48.462 

.2238 

.4617 

48.473 

.3334 

.6879 

48.466 

.3408 

.7033 

48.457 

.3418 

.7049 

48.489 

.2810 

.5798 

48.465 

.3781 

.7803 

48.456 

.4379 

.9032 

48.483 

.4798 

.9901 

48.460 

Mean,  48.467,  =fc  .0025 

Second  Series,     Analyses. 

Yt,{SO,),, 

n,o,. 

Percent.  Vt^Oy 

.5906 

.2862 

48.459 

.49 » 8 

.2383 

48.455 

.5579 

.2705 

48.485 

.6430 

.3117 

48.478 

.6953 

.3369 

48.454 

1.4192 

.6880 

48.478 

.8307 

.4027 

48.477 

.7980 

.3869 

48.484 

.8538 

.4139 

48.477 

1. 1890 

.5763 

48.469 

Mean,  48.472,  db  .0024 
•  Amcr.  Chem.  Journ.,  17,  154.    1895. 
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From  syntheses Yt  =  88.287 

From  analyses **  =  88.309 

These  data  of  Jones  were  briefly  criticised  by  Delafontaine,*  who  re- 
gards a  lower  value  as  more  probable.  In  a  brief  rejoinder f  Jones 
defended  his  own  work ;  but  neither  the  attack  nor  the  reply  needs 
farther  consideration  here.  They  are  referred  to  merely  as  part  of  the 
record. 

For  the  percentage  of  yttria  in  the  sulphate  we  now  have  eight  series 
of  determinations,  to  be  combined  in  the  usual  way.: 

Popp 51.208,  zfc  .01 10 

Delafontaine,  first 49-998,  dr  .0810 

Delafontaine,  second 48.230,  ±:  .0550 

Bahr  and  Bunsen 49.2695,  rb  .0233 

Cleve,  earlier 48.605,  dt  .0096 

Cleve,  later 48.503,  i  .0029 

Jones,  syntheses 48.467,  ±  .0025 

Jones,  analyses 48.472,  db  .0024 

General  mean 48.532,    dz  .0015 

Hence,  if  0  =  15.879,  ±  .0003,  and  S  =  31.828,  ±  .0015, 
Yt  =  88.580,  ±.0053. 

If  0  =  16,  Yt  =  89.255. 

If  only  the  four  series  by  Cleve  and  by  Jones  are  considered,  the  mean 
percentage  of  yttria  in  the  sulphate  becomes  48.481.  Hence  Yt  =  88.350, 
or,  with  O  =  16,  89.023. 

This  result  is  preferable  to  that  derived  from  all  the  data,  for  it  throws 
out  determinations  which  are  certainly  erroneous.  Cleve's  early  series 
might  also  be  rejected,  but  its  influence  is  insignificant. 

•  Chem.  News,  71,  243. 
fChem.  News,  71,  305. 
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SAMARIUM,  GADOLENIUM,  ERBIUxM,  AND  YITERBIUM. 

The  data  relative  to  the  atomic  weights  of  these  rare  elements  are 
rather  scanty,  and  all  depend  upon  analyses  or  syntheses  of  the  sul- 
phates. 

SAMARIUM. 

Atomic  weight  given  by  Marignac,*  without  details,  as  149.4,  and  by 
Brauner,t  as  150.7  in  maximum.  The  first  regular  series  of  determina- 
tions was  by  Cleve,  J  who  effected  the  synthesis  of  the  sulphate  from  the 
oxide.     Data  as  follows : 

Sm^Oi.  SfHt{SO^\.  Per  cent.  Sm^O^, 

1.673s  2.8278  59.180 

1.9706  3.3301  59.175 

1. 1 122  1.8787  59.201 

1.0634  1.7966  59.»90 

.8547  1.4440  59.190 

.7447  1.2583  59.183 

Mean,  59.1865,  i  .0025 

Hence  Sm  =  149.038. 

Another  set  of  determinations  by  Bettendorff,§  after  the  same  general 
method,  gave  as  follows : 

Sm^O^,  5»f,(5(9J,.  Per  cent,  Sm^O^. 

1.0467  1.7675                            59.219 

1.0555  I. 7818                            59.238 

1.0195  1. 7210                            59.225 

Mean,  59,227,  ±:  .0038 
Hence  Sm  « 149.328. 
Combining  the  two  series,  we  have — 

Cleve 59. 1865,  =  .0025 

BettendorfT. 59.227,    db  .0038 

General  mean 59* I99»    =t  .0021 

Hence,  if  SO,  =  79.465,  ±  .00175, 

Sm  ==  X49. 1 27,  ±.  .01 1 5. 

If  0  =  16,  Sm  =  150.263. 

According  to  Demar9ay,||  samaria  contains  an  admixed  earth  whose 
properties  are  yet  to  be  described. 

♦  Arch.  Sci.  Phys.  et  Nat.  (3) .  3. 435-    1880. 

t  Joarn.  Chem.  Soc.,  June,  1883. 

X  Journ.  Chem.  Soc.,  Augrust,  1883.    Compt.  Rend.,  97,*  94. 

2  Ann.  Chem.  Pharm.,  263.  164.    1891. 

I  Compt.  Rend.,  laa,  yaS.    1896. 
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GADOLINIUM. 

This  element,  discovered  by  Marignac,  must  not  be  confounded  with 
the  mixture  of  metals  from  the  gadolinite  earths  to  which  Nordenskiold 
gave  the  same  name.  Several  determinations  of  its  atomic  weight  have 
been  made,  but  Bettendorff' s  only  were  published  with  proper  details.* 
He  effected  the  synthesis  of  the  sulphate  from  the  oxide,  and  his  weights 
were  as  follows.  The  percentage  of  Gd,Oj  in  Gd2(S04),  is  given  in  the 
third  column : 


Gd^O^. 

Gd,{SO,\. 

Percent,  Gd^O^,. 

1.0682 

1.7779 

60.082 

1.0580 

I. 7611 

60.076 

1.0796 

1.7969 

60.081 

Mean,  60.080,  dt  .0013 

Hence,  with  SO,  ^  79.465,  Gd  =  155.575. 

If  0=r.  16,  Gd  =  156.761. 

Boisbaudran  f  found  Gd  =  155.33, 156.06, 155.76,  and  156.12.  The  last 
he  considers  the  best,  but  gives  no  details  as  to  antecedent  values.  He 
also  quotes  Marignac,  who  found  Gd  :=  156.75,  and  Cleve,  who  found 
154.15,  155.28,    155.1,  and   154.77.     Probably  these  all  depend   upon 


SO3-: 


ERBIUM. 


Since  the  earth  which  was  formerly  regarded  as  the  oxide  of  this  metal 
is  now  known  to  be  a  mixture  of  two  or  three  different  oxides,  the  older 
determinations  of  its  molecular  weight  have  little  more  than  historical 
interest.  Nevertheless  the  work  done  by  several  investigators  may  prop- 
erly be  cited,  since  it  sheds  some  light  upon  certain  important  problems. 

Fii*st,  Delafontaine's  %  early  investigations  may  be  considered.  A  sul- 
phate, regarded  as  erbium  sulphate,  gave  the  following  data.  An  oxalate 
was  thrown  down  from  it,  which,  upon  ignition,  gave  oxide.  The  per- 
centages in  the  fourth  column  refer  to  the  anhydrous  sulphate.  In  the 
last  experiment  water  was  not  estimated,  and  I  assume  for  its  water  the 
mean  percentage  of  the  four  preceding  experiments : 


Sulphate, 

EuO^, 

IhO, 

Per  cent.  Erfi^. 

.827  grm. 

.353  grm. 

.177  tJH". 

54.308 

1.0485  «* 

.4475  ** 

.226    *• 

54.407 

.803    " 

.3415  *• 

.171     •' 

54.035 

1.232    *' 

.523     " 

.264    *v. 

54.028 

1. 1505  " 

.495     " 

Mean 

54760 

54.308,  :t  .0915 

Hence  Er  =  117.86. 

*  Ann.  Chera.  Pharm.,  270.  376.    1892. 

tCompt.  Rend.,  iii,  409.    1890. 

I  Ann.  Chem.  Pharm.,  134,  108.     1865. 
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Bahr  and  Bunsen  *  give  a  series  of  results,  representing  successive  puri- 
fications of  the  earth  which  was  studied.  The  final  result,  obtained  by 
the  conversion  of  oxide  into  sulphate,  was  as  follows : 

.7870  grm.  oxide  gave  1. 2765  grm.  sulphate.     61.653  per  cent,  oxide. 

Hence  Er  =  167.82. 

Hoeglund,  f  following  the  method  of  Bahr  and  Bunsen,  gives  these 

results : 

Er^O^.  Er^{SO^\.  Percent.  Erfi^. 

1.8760  grm.  3.0360  grm.  61.792 

1.7990    **  2.9100    **  61.821 

2.8410    '•  4.5935    "  61.848 

1.2850    *'  2.0775     •*  61.853 

1. 1300    "  1.827       *'  61.850 

.8475    "  1.370      **  61.861 


Mean,  61.8375,  dz  .0063 
Hence  Er  =  169.33. 

According  Jo  Thalen,t  spectroscopic  evidence  shows  that  the  "  erbia  " 
studied  by  Hoeglund  was  largely  ytterbia. 
Huinpidge  and  Burneyg  give  data  as  follows: 

'•9596  grm.  Er,(S04)3  gave  1.2 147  grm.  Er,0,.       61.987  per  cent. 
1.9011  *•  1.1781         **  61.965         ** 

Mean,  61.976,  db  .0074 

Hence  Er  =  170.46. 

The  foregoing  data  were  all  published  before  the  coirposite  nature  of 
the  supposed  erbia  was  fully  recognized.  It  will  be  seen,  however,  that 
three  sets  of  results  were  fairly  comparable,  while  Delafontaine  evidently 
studied  an  earth  widely  different  from  that  investigated  by  the  others. 
Since  the  discovery  of  ytterbium,  some  light  has  been  thrown  on  the 
matter.  The  old  erbia  is  a  mixture  of  several  earths,  to  one  of  which,  a 
rose-colored  body,  the  name  erbia  is  now  restricted.  For  the  atomic 
weight  of  the  true  erbium  Cleve  ||  gives  three  determinations,  based  on 
syntheses  of  the  sulphate  after  the  usual  method.  His  weights  were  as 
follows,  with  the  percentage  ratio  added : 

Erfi^.  ErJ^SO^^.  Per  cent.  Er^O^. 
1.0692                              1.7436  61.321 

I. 2153  1.9820  61.317 

.7850  1.2808  61.290 


Hence,  with  SO,  =  79.465,  Er  =  165.059. 
IfO=:16,Er=  166.316. 


Mean,  61.309,  ±  .0068 


*  Ann.  Chem.  Pharm.,  137,  2t.    1866. 

fK.  Svenska  Vet.  Akad.  Handlingar,  Bd.  1,  No.  6. 

t  Wiedemann's  Beiblatter.  5.  122.    1881. 

'i  Journ.  Cbem.  See.,  Feb.,  1879,  p.  116. 

I  K.  Svensk.  Vet.  Akad.  Handlin{!:ar,  No.  7,  1880.    Atxstract  in  Compt.  Rend.,  91,  382. 
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It  is  not  worth  while  to  combine  this  result  with  the  earlier  determi- 
nations, for  they  are  now  worthless. 

YTTERBIUM. 

For  ytterbium  we  have  one  very  good  set  of  determinations  by  Nilson.* 
The  oxide  was  converted  into  the  sulphate  after  the  usual  manner : 

y^,0,.  Yb^{SO;^y       Percent,  Yb^O^. 

1.0063  grm.  I.6i86grm.  62.171 

I.0139  "  1. 6314  '*  62.149 

.8509  "  1.3690  •*  62.155 

.7371  "  1.1861  '«  62.145 

1.0005  *'  1.6099  **  62.147 

.8090  **  1.3022  **  62.126 

1.0059  '*  1.6189  *'  62.134 


Mean,  62.147,  =t  .«>36 


Hence,  with  SO,  =  79.465,  Yb  =  171.880. 
If  0=  16,  Yb  =  173.190. 


TERBIUM,  THULIUM,  HOLMIUM,  DYSPROSIUM,  ETC. 

For  these  elements  the  data  are  both  scanty  and  vague.  Concerning 
the  atomic  weights  of  holmium  and  dysprosium,  practically  nothing  has 
been  determined.  To  thulium,  Clevef  assigns  a  value  of  Tm  =  170.7, 
approximately,  but  with  no  details  as  to  weighings.  Probably  the  value 
was  computed  with  SO,  =  80. 

For  terbium,  ignoring  older  determinations,  Lecoq  de  Boisbaudran  has 
published  two  separate  estimates.];  First,  for  two  preparations,  one  with 
a  lighter  and  one  with  a  darker  earth,  he  gives  Tb  =  161.4  and  163.1 
respectively.  In  his  second  paper  he  gives  Tb  =  159.01  to  159.95.  These 
values  probably  are  all  referred  to  SO,  =  80. 

*Compt.  Rend.,  91,  56.    x88o.    Berichte,  13,  1430. 

t  Compt.  Rend.,  91,  329.    1880. 

X  Compt.  Rend.,  X02,  396,  and  tii,  474. 
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ARGON  AND  HELIUM. 

The  true  atomic  weights  of  these  remarkable  gases  are  still  in  doubt, 
and  so  far  can  only  be  inferred  from  their  specific  gravities. 

For  argon,  the  discoverers,  Rayleigh  and  Ramsay  *  give  various  deter- 
minations of  density,  ranging,  with  hydrogen  taken  as  unity,  from  19.48 
to  20.6.  In  an  addendum  to  the  same  paper,  Ramsay  alone  gives  for 
the  density  of  argon  prepared  by  the  magnesium  method  the  mean  value 
of  19.941.  In  a  later  communication  f  Rayleigh  gives  determinations 
made  with  argon  prepared  by  the  oxygen  method,  and  puts  the  density 
at  19.940. 

For  the  density  of  helium,  Ramsay  J  gets  2.18,  while  Langlet§  finds 
the  somewhat  lower  value  2.00. 

From  one  set  of  physical  data  both  gases  appear  to  be  monatomic,  but 
from  other  considerations  they  are  supposably  diatomic.  Upon  this 
question  controversy  has  been  most  active,  and  no  final  settlement  has 
yet  been  reached.  If  diatomic,  argon  and  helium  have  approximately 
the  atomic  weights  two  and  twenty  respectively ;  if  monatomic,  the8e 
values  must  be  doubled.  In  either  case  helium  is  an  element  lying  be- 
tween hydrogen  and  lithium,  but  argon  is  most  difllcult  to  classify.  With 
the  atomic  weight  20,  argon  falls  in  the  eighth  column  of  the  periodic 
system  between  fluorine  and  sodium,  but  if  it  is  40  the  position  of  the  gas 
is  anomalous.  A  slightly  lower  value  would  place  it  between  chlorine 
and  potassium,  and  again  in  the  eighth  column  of  Mendelejeff's  table; 
but  for  the  number  40  no  opening  can  be  found. 

It  must  be  noted  that  neither  gas,  so  far,  has  been  proved  to  be  abso- 
lutely homogeneous,  and  it  is  quite  possible  that  both  may  contain  ad- 
mixtures of  other  things.  This  consideration  has  been  repeatedly  urged 
by  various  writers.  If  argon  is  monatomic.  a  small  impurity  of  greater 
density,  say  of  an  unknown  element  falling  between  bromine  and  rubid- 
ium, would  account  for  the  abnormality  of  its  atomic  weight,  and  tend 
towards  the  reduction  of  the  latter.  If  the  element  is  diatomic,  its  classi- 
fication is  easy  enough  on  the  basis  of  existing  data.  Its  resemblances 
to  nitrogen,  as  regards  density,  boiling  point,  diflSculty  of  liquefaction, 
etc.,  lead  me  personally  to  favor  the  lower  figure  for  its  atomic  weight, 
and  the  same  considerations  may  apply  to  helium  also.  Until  further 
evidence  is  furnished,  therefore,  I  shall  assume  the  values  two  and  twenty 
as  approximately  true  for  the  atomic  weights  of  helium  and  argon. 

♦  Phil.  Trans.,  i86,  pp.  220  to  223,  and  238.    1895. 

tChcm.  News,  73,  75.    1896. 

X  Journ.  Chem.  Soc.,  1895,  p.  684. 

I  Z«atsch.  Anorg.  Chem.,  xo,  289.    1895. 
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TABLE  OF  ATOMIC  WEIGHTS. 

The  following  table  contains  the  values  for  the  various  atomic  weights 
found  or  adopted  in  the  preceding  calculations.  As  the  table  is  intended 
for  practical  use,  the  figures  a're  given  only  to  the  second  decimal,  the 
third  being  rarely,  if  ever,  significant.  In  most  cases  even  the  first  deci- 
mal is  uncertain,  and  in  some  instances  whole  units  may  be  in  doubt. 

H  =  I.  0=rl6. 

Aluminum 26.91  27. 1 1 

Antimony 119.52  12043 

Argon ?  ? 

Arsenic 74.44  73.01 

^*""™ 136.39  137.43 

Bismuth 206.54  208. 1 1 

Boron 10.86       .  10.95 

Bromine 79.34  79.95 

Cadmium 1 1 1. 10  1 1 1.95 

Caesium 131.89  132.89 

Calcium 39.76  40.07 

Carbon 11.92  12.01 

Cerium 139.10  140.20 

Chlorine 35.18  35.45 

Chromium 51-74  52- '4 

Cobalt. 58.49  58.93 

Columbium 93.02  93' 73 

Copper 63.12  63.60 

Erbium 165.06  166.32 

Fluorine 18.91  19.06 

Gadolinium 15557  156.76 

Gallium 69.38  69.91 

Germanium 71.93  72.48 

Glucinum 9.01  9.08 

^^^^ 195.74  197.23 

Helium ?  ? 

•     Hydrogen i.ooo  r.oo8 

Indium    112.99  113.^5 

Iodine 125.89  126  85 

Iridium 191.66  19312 

Iron 55.60  56.02 

Lanthanum '37.59  158.64 

Lead 205.36  206.92 

Lithium 6.97  7.03 

Magnesium 24. 10  24.28 

Manganese 54-57  54-99 

Mercury 198.49  200.00 

Molybdenum 95. 26  95-99 

Neodymium 139.70  140.80 

^ic)^\ 58.24  58.69 
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H  =  i.  0=i6. 

Nitrogen \  . .  13.93  '4.04 

Osmium 1^-55  ^90-99 

Oxygen 15.88  16.00 

Palladium 105.56  106.36 

Phosphorus 30.79  31.02 

Platinum I93-4I  194-89 

Potassium 38.82  39. 1 1 

Praseodymium 142. 50  143.60 

Rhodium 102.23  103.01 

Rubidium 84.78  85.43 

Ruthenium T00.91  loi  .68 

Samarium 149. 13  150.26 

Scandium 43.78  44-12 

Selenium 78.42  79.02 

Silicon 28. 18  28.40 

Silver. 107. 11  107.92 

Sodium 22.88  23.05 

Strontium    86.95  87.61 

Sulphur 31.83  32.07 

Tantalum 181.45  182.84 

Tellurium 126.52  127.49 

Terbium 158.80  160.00 

Thallium 202.61  204.15 

Thorium 230.87  232.63 

Thulium 169.40  170.70 

Tin 1 18.15  1 1905 

Titanium 47-79  48. 1 5 

Tungsten 183.43  184.83 

Uranium 237.77  239.59 

Vanadium 50-99  51-38 

Ytterbium 171.88  173.19 

Yttrium 88.35  8902 

Zinc...    64.91  65.41 

Zirconium 89. 72  90.40 
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A 

Agamennone I4i  35 

Allen 89 

Allen  and  Pepys 24 

Alibegoff 266,  300 

Anderson 130 

Andrews 118,  327 

Arago 24,  58,  72 

Arfvedson 84,  263,  282 

Aston 52,  172 

Awdejew , 132 

B 

Bahr 137 

Bahr  and  Bunsen 356,  361 

Bailey 197,  231 

Bailey  and  Lamb. 316 

Balard 44 

Baubigny 93,  148,  180,  244,  300 

Bauer 349,  353 

Becker i 

Beriuger 335 

Berlin 238,251.355 

Bernoulli 257 

Berzelius. .  5, 8,  24,  34,  38,  43,  44,  So.  58, 
72,  82,  84,91,  loi,  no,  112, 121, 123, 
127,  132,  13s,  146, 171,  176,  188,  196, 
204,  209,  211,213,  216:236,  238,  250, 
255.  263,  268,  271,  277,  282,  2S7,  313, 
31S,  322,  325,  327,  355 

Bettendorff 349,  359,  360 

Biot  and  Arago 24,  58,  78 

Blomstrand 234,  236 

Boisbaudrau i8r,  360,  362 

Bongartz 226 

Bongartz  and  Classen. 200,  201 

Borch,  von 256 

Boussingault 24,  58 

Brauner.  .272,  274. 34o.  342,  348.  35»,  359 

Breed 320 

Bucher 160 

Buehrig 339 

Buflf 24,  72 

Bunsen 87,  89,  356,  361 

Bunsen  and  Jegel 336 

Bumey 361 


Burton 151 

Burton  and-  Vorce 142 


Capitaine 2S7 

Cavendish 24 

Chikashig^ 275 

Choubine 344 

Christensen 280 

Chydenius 204 

Clark 9 

Clarke 159 

Classen.   200,  201,  231,  232 

Claus 31  r 

Cleve. .  206,  347, 348,  351,  352,  354,  3!»6* 
359,  360,  361,  362 

Cleve  and  Hoeglund 356 

Commaille 91 

Cooke 27,  8r,  157,  221,  222,  224 

Cooke  and  Richards 13 

Crafts 25,58 
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Davy 24 
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Dobereiner 127,  287 

Duloug  and  Berzelius 8,  24,  58,  72 

Dumas. .  9, 39,  45,  So,  Sh  72,  80,  91,  iio^ 
112, 113, 119. 129,  140,  156,  176,  188, 
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Henry    6 
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Hibbard 152 
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Hinrichs 6 

Hbeglund 356,  361 
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Humboldt  and  Gay-Lussac 32 
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Huntington 46,  '57 


Isnard 17^ 
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Johnson i? 
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Mitscherlich 72 
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Persoz 257 
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LETTER  OF  TRANSMITTAL. 

Washington,  January  18th,  1897. 

The  Committee  of  the  American  Association  for  the  Advancement  of 
Science  having  charge  of  Indexing  Chemical  Literature  has  voted  to 
recommend  to  the  Smithsonian  Institution  for  publication  the  following: 
"A  Bibliography  of  the  Metals  of  the  Platinum  Group,  1748-1896,^' 
by  Prof.  Jas.  Lewis  Howe,  M.  D.,  Ph.  D. 

H.  CAREINGTON  BOLTON,  Chairman, 

Ms.  8.  P.  Langlxt, 

Secretary  of  the  Smithetmian  InttUuiion, 


PREFACE. 

The  purpose  of  this  Bibliography  is  to  enumerate  the  articles  upon  the 
metals  of  the  platinum  group  found  in  scientific  literature  to  the  close  of 
the  year  1896.  It  is  sought  to  make  the  record  of  the  chemistry  of  these 
metals  as  complete  as  possible^  and  it  is  believed  that  few  references  of 
importance  are  omitted.  Chloroplatinates  of  organic  bases  are  consid- 
ered only  in  the  case  of  those  early  formed.  Outside  of  the  department  of 
chemistry  several  divisions  of  the  subject  have  not  been  followed  beyond 
the  earlier  references,  e.  y.,  the  use  of  platinum  in  electrical  apparatus, 
in  photography,  and  in  connection  with  the  X-rays.  To  facilitate  the 
use  of  the  indexes  the  number  of  each  title  includes  the  year.  The  first 
reference  is  that  of  the  original  article.  The  abbreviations  used  are  gen- 
erally those  recommended  by  the  Committee  on  Bibliography  of  the 
American  Association  for  the  Advancement  of  Sciei^ce. 

After  having  been  engaged  on  this  work  for  some  time,  the  compiler 
obtained  a  copy  of  the  pamphlet  "Fragment  einer  Monographic  des 
Platins  und  der  Platinmetalle,"  by  C.  Claus.  This  was  published  in  1883 
by  the  St.  Petersburg  Academic  des  Sciences,  from  papers  found  after 
Professor  Claus'  death,  which  had  occurred  more  than  twenty  years  be- 
fore. ,  But  three  hundred  copies  of  the  pamphlet  were  printed  and  it  is 
very  rare.  Among  other  material  it  contains  a  quite  complete  biblio- 
graphy of  the  platinum  metals,  brought  down  to  1861,  but  unfortunately, 
owing  probably  to  the  illegibility  of  the  manuscript,  it  suffers  from  very 
many  errors.  It  is  a  critical  bibliography  and  hence,  owing  to  the 
author^s  unique  knowledge  of  the  platinum  metals,  is  very  valuable. 

Much  of  the  work  on  this  Bibliography  has  been  done  in  the  Library 
of  the  American  Academy  of  Arts  and  Sciences  and  in  that  of  the  Massa- 
chusetts Institute  of  Technology,  and  the  compiler  is  greatly  indebted  for 
the  facilities  offered  him  at  both  these  places.  Especially  valuable  was 
the  assistance  rendered  by  Dr.  Holden,  the  Librarian  of  the  Academy. 
He  would  also  gratefully  acknowledge  the  aid  received  from  his  former 
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pupil,  Miss  M.  M.  Tevis,  from  Dr.  H.  Carrington  Bolton,  Professor  T.  H. 
Norton  of  the  University  of  Cincinnati,  Professor  H.  P.  Talbot  of  the 
Institute  of  Technology,  and  many  others  who  cannot  be  enumerated. 
Dr.  Bolton^s  invaluable  Catalogue  of  Scientific  Periodicals  and  the  Boyal 
Society  Catalogue  have  been  freely  used  and  of  great  help  in  the  verifi- 
cation of  data. 

Jas.  Lewis  Howe. 

WMhlngton  and  Lee  UnlTenitj*  Lexlncton.  Va.. 
Deoember,  1896. 
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[2]  52  (1894). 

♦  Annales  de  chimie,  1  (1789)— 96  (1816). 
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Koerper  Platina  del  Pinto  genannt.  Pt. 

Marggraf;  Chymische  Schriften,  1. 
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1774:  2.  Bloxdeau.  Lettre  (upon  platinum  as  an  alloy  of  gold  and 
iron  as  averred  by  Buffon).  Pt. 
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Obs.  snr  phys.  (Bozier),  Sept.  (1775). 
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1779:  2.  AcHARD.  Leichte  Methode,  Gefasse  aus  Platina  zu  bereiten. 
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Mem.  Akad.  Berlin  (1779);  Chem.  Ann.  (Crell),  1784,  i,  1. 

1780:  1.    T.   Bergman   (and   G.   de   Morveau).    Opuscula   physico- 
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1785.     Sur  la  platine  (with  many  conmients  by  Morveau),  vol.  ii, 

pp.  172,  418.  Pt 

1782:  1.  Graf  von  Sickingen.  Versuche  fiber  die  Platina.  TJeber- 
setzt  von  6.  A.  Suckow.    Mannheim,  1782.  Pt, 
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(Unschmelzbar  wenn  rein.)  Pt. 

Chem.  Ann.  (Crell),  1784,  i,  328. 

1784:  2.  Graf  von  Sickingen.  (Magnetische  Kraft  und  Sehmelzung 
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J.  Ingenhouss,  Vermischte  Schriften  physisch.-med.  Inhalts.    2te 
Aufl.    Wien,  1784,  i,  419;  Chem.  Ann.  (Crell),  1785,  ii,  372. 

1784:  3.  G.  L.  L.  de  Buffon.  (Platina  ein  Legirung  Goldes  mit 
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Obs.  snr  phys.  (Rozier),  1784,  252,  324,  417;  Chem.  Ann.  (Crell), 
1784,  ii,  541. 

1784:  4.  VON  Milly.  (Platina  ein  Legirung  Goldes  und  Eisens  mit 
Quecksilber.)  Pt. 

Obs.  sur  phys.  (Rozier),  1784,  252,  324,  417;  Chem.  Ann.  (Crell), 

1784,  ii,  542. 
(Both  the  above  credited  also  to  Register  Acad.  Dijon.) 

1785:  1.     G.  DE  MoRVEAU.  (Ueber  die  Verfertigung  von  Gerathschaften 
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Nouv.  M6m.  Acad.  Dijon,  1785,  i,  106;  Chem.  Ann.  (Crell),  1792,  i,  168. 

1786:  1.  G.  DE  MoRVEAU.  Brief  (Platina  zu  Tiegeln  nicht  geeignet  da 
es  von  Salpeter  angegriffen  und  zerstort  wird.)  Pt. 

Chem.  Ann.  (Crell),  1786,  i,  157. 

1876:  2.  E.  Landriani.  Brief  (Platina  durch  starkes  Gliihen  nicht 
halb  durchsichtig).  Pt. 

Chem.  Ann.  (Crell),  1786,  ii,  141. 

1786:  3.  G.  [de  Morveau?].  Buffon's  Hist.  nat.  des  min6raux,  vols. 
2  and  3.  (Kritik  auf  Angaben  das  Platina  eine  Mischung  Goldes, 
Arsens  und  Eisens  sei.)  Pt. 

Chem.  Ann.  (Crell),  1786,  ii,  371. 

1787:  1.    G.  DE  MoRVEAU.    Brief  (liber  Platina  Gefasse).  Pt. 

Chem.  Ann.  (Crell),  1787,  i,  333. 
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1787:  2.  G.  de  Morveau.  Brief  (iiber  Platina  Qefasse).  (Platina  zn 
Tiegeln  sehr  geeignet  wenn  die  Platinaproduct  nicht  zu  einge- 
schrangt  sei.)  Pt. 

Chem.  Ann.  (Grell),  1787,  ii,  243. 

1788:  1.  M.  B.  de  Cblis.  An  account  of  a  mass  of  native  iron  found 
in  South  America.     (Occurrence  of  Platina.)  Pt. 

Phil.  Trans.  London,  78  (1788),  41. 

1789:  1.    T.  Willis.     (Schmelzversuche  mit  Kohle  und  Borax.)         Pt. 
J.  de  Phys.  35  (1789),  217;  Chem.  Ann.  (Crell),  1790,  i,  242. 

1790:  1.    A.  M.  Cobtenovis.     Che  la  platina  Americana  era  un  metallo 

conosciuto  dagli  antichi    [etc.].     (Identical  with   "electrum.") 

Bassano.  Pt- 

Ann.  de  Chim.  12  (1792),  59  (Review);  Chem.  Ann.  (CreU),  1796,  i, 

166. 

1790:  2.  HiELM.  Union  du  platine  avec  Toxide  de  molybdene  et  avec 
le  molybdene.  Pt. 

Ann.  de  Chim.  4  (1790),  17. 

1790:  3.  Leonhabdi.  Brief.  (Konigsaure  Platina  Niederschlag  mit 
alkalische  Baumohlseife).  Pt. 

Chem.  Ann.  (Crell),  1790,  ii,  127. 

1790:  4.  Lavoisier.  Observations  sur  le  platine.  (Utilization  of 
platinum  for  vessels.)  Pt. 

Ann.  de  Chim.  5  (1790),  137;  Chem.  Ann.  (CreU),  1792,  U,  85. 

1790:  5.  Herb  von  R.  (in  Paris).  Brief.  (Platina  Gefasse  in  Paris  von 
Jeanty  billig  zu  kaufen).  Pt. 

Chem.  Ann.  (Crell),  1790,  ii,  53. 

1790:  6.     VON  Bupbecht.    Versuche  iiber  die  metallische  Natur  der 

Bitter-,  Kalk-,  und  Kieselerde  [etc.].     (Schmelzung  der  Platina.) 

Chem.  Ann.  (CreU),  1790,  ii,  195.  Pt 

1790:  7.  VON  Eupbecht.  Ueber  den  Platinakonig,  und  damit  ver- 
wandte  Gegenstande.     (Schmelzung  der  Platina.)  R. 

Chem.  Ann.  (Crell),  1790,  ii,  387. 

1791:  1.  WiLLiR  and  Norvel.  Experiences  sur  la  platine.  (Specific 
gravity.)  Pt. 

Ann.  de  Chim.  9  (1791),  219. 

1791:  2.     VON  BoBN.     Neuere  Nachrichten  iiber  die  Metallizatioii  der 
alkalischen  Erde.     (Fusion  of  platinum  by  von  Tihavsky.)         Pt. 
Chem.  Ann.  (Crell),  1791,  i,  3. 
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1792:  1.    T.  Bergman.    L'or  blanc  on  platine  du  Pinto.     (Note  on 
occnrrence  from  "  Un  chapitre  de  la  geographic  physiqne.")      Pt. 
J.  des  Mines  [3],  16  (1792),  25. 

1792:  2.    Pelletier.    Le  phosphilre  de  platine.  Pt. 

Ann.  de  Chim.  13  (1792),  105. 

1792:  3.  C.  L.  Berthollet  and  Pelletier.  Eapport  fait  au  Bureau 
de  Consultation,  sur  les  moyens  proposes  par  M.  Jeanty  pour 
travailler  le  platine.  Pt. 

Ann.  de  Chim.  14  (1792),  20. 

1793:  1.  Hauy.  Troisi^me  extrait  du  traits  in6dit  de  inin6ralogie; 
4ine  classe.  Substances  metaUiques.  Pt. 

Supplement  (Platine).    J.  des  Mines,  5  (An.  V),  457  (Platine,  p. 
466);  6  (An.  Y),  692. 

1796:  1.    W.  A.  Lampadius.   Vermisehte  chemische  Yersuche.    (Alloy- 
ing of  platinum  with  gold  and  silver.)  Pt. 
Chem.  Ann.  (Crell),  1796,  i,  219. 

1797:  1.    A.  V.  Mussin-Puschkin.    Sur  les  sels  et  pr6cipit&  de  platine. 
Neue  besondere  Versuche  mit  der  Platina.     (Ammonium  and  pot- 
assium platini-chlorids.)  Pt. 

Ann.  de  Chim.  24  (1797),  205. 
Chem.  Ann.  (CreU),  1797,  i,  195. 

1797:  2.    A.  v.  Mussin-Puschkin.    Sur  Tamalgame  du  platine. 

Noeh  einige  Bemerkungen  und  Versuche  liber  die  Platina.     (Plati- 
num amalgam  and  alloy  with  copper.)  Pt. 

Ann.  de  Chim.  24  (1797),  209. 
Chem.  Ann.  (CreU),  1797,  ii,  26. 

1797:  3.  D.  Eichter.  Beantwortung  der  von  Herm  A.  v.  Mussin- 
Puschkin  aufgeworfenen  Frage:  "Wie  die  schnelle  Wiederher- 
stellung  der  Platina  durch  Quecksilber  aus  dem  Platinasalz  bey 
der  Bildung  des  Amalgama's,  und  die  noch  viel  schnellere  Ver- 
kalkung  des  Quecksilbers  bey  der  Beruhnmg  des  Amalgama's  mit 
Wasser  zu  erklaren  seye."  Pt. 

Chem.  Ann.  (CreU),  1797,  ii,  202;  Ann.  de  Chim.  28  (1798),  206. 

1797:  4.  S.  Tennant.  On  the  action  of  nitre  upon  gold  and  platina. 
(Corroded  by  fused  nitre.)  Pt. 

Phil.  Trans.  London,  87  (1797),  219. 

1798:  1.  G.  DE  MoRVEAU.  Examen  de  quelques  propri6t&  du  platine, 
densite,  tenacity. — ^De  I'adh^sion  du  platine  au  mercure. — ^De 
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ramalgame  du  platine. — De  Taction  du  muriate  oxig4ii6  de  potasse 
8ur  le  platine.  R. 

Ann.  de  Chim.  25  (1798),  1,  10,  12,  17;  Ann.  der  Phys.  (Gilbert), 
1  (1799),  369;  Allg.  J.  Chem.  (Scherer),  1  (1798),  971. 

1798:  2.     G.  de  Morveau.    De  Taction  du  nitre  en  fusion  sur  .  .  .  le 
platine.  R. 

Ann.  de  COiim.  27  (1798),  42. 

1798:  3.    A.  v.  Mussin-Puschkin.     Quelques  nouvelles  observations  et 
experiences  sur  le  platine.    Alliage  avec  cuivre  et  argent.         Pt. 
Ann.  de  Chim.  28  (1798),  85. 

1798:  4.    A.  v.  Mussin-Puschkin.    Bemerkungen  liber  Titan-   und 
Chromium-Metall,  iiber  Platina  und  einige  andere  Gegenstande. 
(Fusion  and  purification  of  platinum  with  potash  six  days.)         Pt. 
Chem.  Ann.  (Crell),  1798,  ii,  443. 

1798:  6.    A.  Rochon.     (Use  of  platinum  for  telescopes  and  in  the  arts.) 
J.  de  Phys.;  Phil.  Mag.  2  (1798),  19, 170.  Pt- 

1799:  1.    J.  L.  Proust.    Experimentos  hechos  en  la  platina. 

Experiences  sur  le  platine.  Pt. 

1.  Des  corps  6tranges  qui  se  trouvent  m616s  au  platine,  p.  146. 

2.  Du  separation,  147. 

4.  Du  soufre  min6ralisateur  du  platine,  151. 
6.  D'oxidation  de  platine,  153. 

6.  Essais  de  Tacide  nitrique  sur  le  platine,  158. 

7.  Essais  de  Tacide  nitro-muriatique,  160. 

8.  Du  graphite  des  mines  de  platine,  161. 

9.  Sur  les  dissolutions  du  platine,  163. 
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11.  Experiences  sur  la  poudre  noire,  168. 

12.  De  la  cristallisation  des  dissolutions  de  platine,  225. 

13.  De  la  composition  de  Tacide  nitro-muriatique,  pour  la  disso- 

lution de  la  mine  de  platine,  232. 

14.  Dissolution  du  platine,  244. 

Madrid.  An.  Hist.  Nat.  1  (1799).  51. 

Ann.  de  Chim.  38   (1801),  146,  225;  Phil.  Mag.  11   (1801),  44,    US 
(translation). 

1799:  2.     J.  Priestly.     Experiments  on  the  transmission  of  acids,  and 

other  liquors,  in  the  form  of  vapour,  over  several  substances  in  a 

hot  earthen  tube.     (Solution  of  platinum  in  aqua  regia,  p.  11.) 

Amer.  Phil.  Soc.  Trans.  5  (1802).  1.  Pt. 
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1799:  3.  L.  N.  Vauquelin.  Erkennung  des  Kali  durch  salzsauren 
Platina.  Pt. 

Allg.  J.  Chem.  (Scherer),  3  (1799),  438. 

1799:  4.  E.  Brugnatelli.  Verauch  iiber  die  Kobaltsaure.  (In 
Platinaaiiflosung  keine  Veranderung.)  Pt. 

Allg.  J.  Chem.  (Scherer).  3  (1799),  647. 

1799:  5.  A.  v.  Mussin-Puschkin.  Vermischte  Bemerkungen  iiber 
das  Chromiiun,  das  Salz  bey  der  Zersetzung  der  Platina-Amal- 
gama's  iind  verwandte  Gegenstande.  Pt. 

Chem.  Ann.  (Crell),  1799,  i,  451. 

1799:  6.  A.  v.  Mussin-Puschkin.  Einige  Bemerkungen  iiber  das 
Platina-amalgamaB.  Pt. 

Chem.  Ann.  (Crell),  1799,  ii,  3. 

1799:  7.  A.  v.  Mussin-Puschkin.  Einige  neuere  Versuche  iiber  das 
Platina-amalgama;  nebst  Bemerkungen  iiber  die  Vervolstandi- 
gung  chemische  Thatsaehen.  Pt. 

Chem.  Ann.  (Crell),  1799,  ii,  359;  J.  des  Mines,  15  (1804),  198. 

1800:  1.  A.  V.  Mussin-Puschkin.  Ueber  zwey  neue  Platina-salze,  und 
die  metallische  Krystallization  derselben.  (Sodium  platini- 
chloride.)  R. 

Chem.  Ann.  (CreU),  1800,  i,  91;  J.  des  Mines,  15  (1804),  199. 

1800:  2.     S.  Tennant.    De  Taction  du  nitre  sur  Tor  et  le  platine.     Pt. 
J.  de  Phys.  51  (1800),  157. 

1800:  3.    .     Experiments  performed  at  the  London  Philo- 
sophical Society.     (Fusion  of  platinum  by  oxygen  gas  on  char- 
coal.) R. 
Phil.  Mag.  8  (1800),  264. 

1800:  4.  R.  Knight.  A  new  and  expeditious  process  for  rendering 
platina  malleable.  R. 

Phil.  Mag.  6  (1800),  1;  Allg.  J.  Chem.  (Scherer),  7  (1801),  26. 

1800:  5.  A.  V.  Mussin-Puschkin.  Eine  neue  Methode  die  Platina  zu 
Schmieden.  R. 

Allg.  J.  Chem.  (Scherer),  4  (1800),  411;  Ann.  der  Phys.  (Gilbert), 
4  (1800),  492  (from  Hamburger  Unpartheiischer  Correspondent, 
Nr.  33,  1800). 

1800:  6.    W.  Henry.    Account  of  a  series  of  experiments  undertaken 
with  a  view  of  decomposing  muriatic  acid.     (Platinum  black.)  R. 
Phil.  Trans.  London,  90  (1800),  188;  Ann.  de  Chim.  43  (1802),  306; 
Ann.  der  Phys.  (Gilbert),  7  (1801),  265. 
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1800:  7.     A.  BoOHON.    Abhandlung  iiber  die  Platina  und  ihre  Nutz- 
barkeit  in  besonders  zu  Spiegel-Teleskopen.  Pt. 

Ann.  der  Phys.  (Gilbert),  4  (1800),  282. 

1801:1.    J.  L.  Proust.    Faits  detaches  sur  le  platine.  Pt. 

J.  de  Phys.  52  (1801),  409. 

1802:  1.    W.  Thomson.     (Regarding  a  platinum  mine.)  Pt. 

Novelle  di  Letteratura,  Scienze,  Arti,  e  Commercio,  Xapoli,  Oct. 
28,  1802,  No.  18;  AUg.  J.  Chem.  (Scherer),  10  (1803),  570. 

1802:  2.     J.  CuTHBBRTSON.     A  series  of  experiments  upon  metals  with 
an  electrical  battery,  shewing  their  property  of  absorbing  oxigen 
from  the  atmosphere  when  exploded  by  electric  discharges.     (Oxi- 
dation of  platinum.)  Pt. 
Nicholson's  J.  5  (1802),  136;  Ann.  der  Phys.  (Gilbert),  11  (1802), 
411. 

1802:  3.    .    Alloys  of  gold  with  platina.  Pt. 

Phil.  Mag.  13  (1802),  405. 

1802:  4.     M.   van   Marum.    Experiences    sur   la   colonne    61ectrique. 
(Fusion  du  platine.)  Pt. 

Ann.  de  Chim.  40  (1802),  314;  Nicholson's  J.  1  (1802),  178;  Ann. 
der  Phys.  (Gilbert),  10  (1802),  121. 

1802:  5.     R.  Hare.     Account  of  the  fusion  of  strontites,  and  the  vola- 
tilization of  platinum;  and  also  of  a  new  arrangement  of  appa- 
ratus. Pt. 
Amer.  Phil.  Soc.  Trans.  6  (1809),  99;  Phil.  Mag.  14  (1802),  304: 
Ann.  de  Chim.  45  (1802),  113;  60  (1807),  81. 

1802:  6.     R.   Chenivix.     Analysis   of   corundum.     (Use   of   platinum 
crucibles  for  fusion  of  caustic  potash.)  Pt. 

Phil.  Trans.  London,  92  (1802),  337;  J.  de  Phys.  55  (1802),  409. 

1802:  7.    M.  H.  Klaproth.     Anwendbarkeit  der  Platina  zu  Verzie- 

rungen  auf  Porcellan.  Pt. 

Allg.  J.  Chem.  (Scherer),  9  (1802),, 413;  Nicholson's  J.  7  (1804), 

286;  Phil.  Mag.  17  (1803),  135. 
[From  **  Samml.  d.  deutsch.  Abh.  d.  k.  Akad.  d.  Wiss.  Berliiu 
1788-9,  12,  p.  160"?] 

1803:  1.     B.  Chenivix.     Enquiries  concerning  the  nature  of  a  new 

metallip  substance  lately  sold  in  London,  as  a  new  metal,  under 

the  title  of  palladium.  Pd. 

Phil.   Trans.  London,   93    (1803),   290;  Ann.  de  Chim.   47    (1803). 

151,   192;  J.   de  Phys.   57    (1803),   127,   217;  N.  allgf.   J.   Chem. 

(Gehlen),  1  (1803),  174;  Nicholson's  J.  7  (1804),  85,  176;  Proc. 
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Roy.  Soc.  London,  1  (1832),  121;  Bibl.  Brit.  23  (1803),  384;  24 
(1803),  32  (in  full);  J.  des  Mines,  14  (1803),  372;  Ann.  der  Phys. 
(Gilbert),  14  (1803),  241;  J.  phys.  Chim.  (Van  Mons),  No.  11, 
Sept. 

1803:  2.    R.  Chenivix.    L'announce  d'un  nouveau  m6tal,  palladium. 
Ann.  de  Chim.  46  (1803),  333.  Pd,  R. 

1803:  3.    R.    Chenivix.    Palladium   compost   de   platin   et   mercure. 
Ann.  de  Chim.  46  (1803),  336.  Pd,  R. 

1803:  4.    .     Some  account  of  a  pretended  new  metal  offered 

for  sale,  and  examined  by  Richard  Chenivix,  Esq.  Pd,  Pt. 

Nicholson's  J.  5  (1803),  136. 

1803:  5.    -^ .   Note  but  un  nouveau  m6tal  (palladium).  Pd,  Pt. 

J.  des  Mines,  14  (Ann.  xi),  240,  320. 

1803:  6.    J.  B.  Richteh.    Beytrag  zu  Heim  Chenivix's  Abhandlung 
liber  das  Palladium.  Pd,  Pt. 

N.  allg.  J.  Chem.  (Gehlen),  1  (1803),  547;  Ann.  de  Chim.  52  (1804), 
17;  Nicholson's  J.  11  (1805),  61. 

1803:  7.    V.  Rose  and  A.  F.  Gehlen.    Pnifende  Verhandlungen  iiber 
das  von  Chenivix  kiinstlich  nachgemachte  Palladium.         Pd,  Pt. 
N.   allg.  J.   Chem.    (Gehlen),    1    (1803),   529;   Ann.   de   Chim.    52 
(1804),  5;  Nicholson's  J.  11  (1805),  61. 

1803:  8.    L.  N.  Vauqtjelin.    Palladium  ou  nouvel  argent.     (Proper- 
ties and  reactions.)  Pd. 

Ann.  de  Chim.  46  (1803),  334. 

1803:  9.    A.    F.    Fourcroy    and    L.    N.    Vauqelin.    Extrait    d'un 

m6moire  sur  le  platine.     (Reactions,  showing  impurity  [Ir?].)  Pt. 

Ann.  de  Chim.  48  (1803),  177;  Ann.  Mns.  Nat.  d'Hist.  Nat.  3  (1803), 

149;  N.  allg.  J.  Chem.*  (Gehlen),  2   (1804),  269;  Phil.  Mag.  19 

(1804),  117;  J.  de  Phys.  57  (1803),  450. 

1803:  10.    H.  V.  Collet-Descotils.    Notice  sur  la  cause  des  couleurs 

diff^rents  qu^affectant  certains  sels  de  platine.    (Red  and  yellow 

chlorids;  two  states  of  oxidation   [iridium  probably  present].) 

J.  des  Mines,  15  (1803),  46;  Ann.  de  Chim.  48.  R  [Ir?]. 

(1803),  153;  N.  allg.  J.  Chem.  (Gehlen),  2 

(1804),  73;  J.  de  Phys.  57  (1808),  384;  Nicholson's  J.  £  (1804), 
118. 

1803:  11.     G.  de  Morveau.     Pyrom6j:re  de  platine.  Pt. 

Ann.  de  Chim.  46  (1803),  276;  Nicholson's  J.  6  (1803),  89. 

1803:  12.    G.  de  Morveau.    Sur  Talliage  de  Tor  avec  le  platine.      Pt. 

Ann.  de  Chim.  47  (1803),  300. 
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1803:  13.    A.  v.  Mussin-Puschkin.    Bereitung  von  Platin-amalgam. 
AUg.  J.  Chem.  (Scherer),  6  (1803),  134;  J.  dea  Mines,  Pt. 

15  (1803),  195;  Chem.  Ann.  (CreU),  1799,  i,  452. 

1803:  14.     Stbauss.      Bemerkimgen     liber     das     Platina-Amalgama. 
(Method  of  coating  copper  with  platinum.)  Pt. 

J.  der  Pharm.  (Trommsd.),  11  (1803),  18;  Ann.  der  Phys.  (Gil- 
bert), 24  (1806),  402;  Nicholson's  J.  9  (1804),  303. 

1803:  15.  A.  Tilloch.  On  Pepys'  experiment.  (Fusion  of  platinum 
by  the  galvanic  current.)  R. 

Phil.  Mag.  12  (1803),  96. 

1804:  1.    E.  Chenivix.    Ueber  Palladium  (not  an  alloy).  Pd. 

Ann.  der  Phys.  (Gilbert),  17  (1804),  115. 

1804:  2.  B.  Chenivix.  Eespecting  the  new  metal  contained  in  crude 
platina.  Pd. 

Nicholson's  J.  7  (1804),  117. 

1804:  3.    .    Eeward   of   £20   for   artificial   production   of 

palladium.  Pd. 

Nicholson's  J.  7  (1804),  75,  159. 

1804:  4.  J.  Hume.  On  the  supposed  new  metal  lately  discovered  in 
platina.  Pd. 

Phil.  Mag.  19  (1804),  29. 

1804:  5.    J.  B.  Tbommbdorff.    Ueber  Chenivix's  Palladium.  Pd. 

N.  allg.  J.  Chem.  (Gehlen),  2  (1804),  238. 

1804:  6.  A.  v.  Mussin-Pusohkin.  Ueber  Palladium,  Chromium,  und 
eine  neue  Verf ahrungsart  das  Platin  zu  Schmieden.  Pd,  Pi. 

N.  allg.  J.  Chem.  (Gehlen),  3  (1804),  450. 

1804:  7.    A.  v.  Mussin-Pusohkin.  *  Eenseignements  sur  le  palladium. 
J.  Chim.  (Van  Mons),  6  (1804),  229.  Pd. 

1804:  8.     A.  F.  Fourcboy  and  L.  ST.  Vauquelin.    Expiriencea  sur  le 

platine  brut,  sur  I'existence  de  plusieurs  m6taux,  et  d*une  espece 

nouvelle  de  m6tal  dans  cette  mine.     (In  platinum  are  found  Ti. 

Cr,  Cu,  Fe,  and  a  new  metal,  Ir.     Description  of  properties  of 

.  iridium.)  Pt  [Ir]. 

Ann.  de  Chim.  49  (1804),  188,  219;  50,  5;  N.  allg.  J.  Chem.  (Gehlen), 

3  (1804),  262. 

1804:  9.  A.  F.  Foubcboy.  Premier  resultat  des  nouvelles  recherches 
sur  le  platine  brut,  et  annonce  d'un  nouveau  mfital  qui  accompagne 
cette  espice  de  mine.  Pt,  Eh. 

Ann.  Mus.  Nat.  Hist.  Paris.  3  (1804),  149. 


BIBLIOGRAPHY   OF   METALS  OP  THE   PLATINUM   QROTJP  21 

1804:  10.  A.  F.  Foubcroy.  Notice  d'une  suite  de  recherches  sur  le 
nouveau  in6tal  qiii  existe  dans  le  platine  brut.  Pt,  Bh. 

Ann.  Mus.  Nat.  Hist.  Paris.  4  (1804),  77. 

1804:  11.    H.  V.  Collet-Descotils.     (New  metal  in  crude  platina.) 
Nicholson's  J.  7  (1804),  76;  from  "  J.  d.  Chim."  R,  Eh(?). 

1804:  12.  S.  Tennant.  On  two  metals  found  in  the  black  powder 
remaining  after  the  solution  of  platina.  (Separation,  properties 
and  naming  of  iridium  and  osmium,  including  osmium  amalgam, 
p.  418.)  Pt,  Ir,  Os. 

PhiL  Trans.  London,  94  (1804),  411;  Proc.  Boy.  Soc.  London,  1 
(1832),  161;  Ann.  de  Chim.  52  (1804),  47;  Ann.  der  Phys.  (Gil- 
bert), 19  (1805),  118;  J.  des  Mines,  18  (1804-5),  81;  J.  de  Phys. 
59  (1804),  97;  N.  allg.  J.  Chem.  (Gehlen),  5  (1805),  166;  Nichol- 
son's J.  8  (1804),  220;  10  (1805),  24;  Phil.  Mag.  20  (1805),  162; 
Bibl.  Brit.  27  (1804),  51  (in  full). 

1804:  13.  W.  H.  Wollaston.  On  a  new  metal  found  in  crude  platina. 
(Discovery  of  rhodium  with  its  properties.)  Pt,  Rh. 

Phil.  Trans.  London,  94  (1804),  419;  Proc.  Boy.  Soc.  London,  1 
(1832),  162;  Ann.  d.  Chim.  52  (1804),  51;  J.  des  Mines,  18  (1805), 
91;  Nicholson's  J.  10  (1805),  34;  N.  aUg.  J.  Chem.  (Gehlen),  5 
(1805),  175;  PhiL  Mag.  20  (1805),  168;  21  (1805),  89;  Bibl.  Brit. 
Aug.  1804. 

1804:  14.  S.  Tennant  and  W.  H.  Wollaston.  (Note  on  examination 
of  crude  platina.)  Pt,  Ir,  Os,  Bh. 

Bui.  des  Sciences,  90  (1804),  234;  Nicholson's  J.  11  (1805),  59. 

1804:  15.    A.  v.  Mussin-Pxjschkin.    Notes  sur  le  platine.  Pt. 

J.  des  Mines,  15  (1804),  195. 

1804:  16.    A.  v.  Mussin-Puschkin.    Method  of  preparing  malleable 
platina  and  triple  muriatic  salts  of  platina.     (Barium  and  mag- 
nesium platino-chlorids.)  Pt. 
Nicholson's  J.  9   (1804),  65;  Ann.  d.  Chim.  54   (1805),  220;  PhiL 
Mag.  20  (1805),  76. 

1804:  17.    J.  L.  Phoust.     Sur  le  platine  noir.  •  Pt. 

Ann.  d.  Chim.  49  (1804),  177;  J.  fiir  Chem.  (Gehlen),  1  (1806),  347. 

1804:  18.  C.  L.  Berthollet.  On  the  difference  between  effects  of 
electricity  and  of  heat.    (Platinum  little  heated  by  discharge.)    Pt. 

Nicholson's  J.  8  (1804),  80. 

1804:  19.  Amicus.  Note  respecting  suspension  of  zinc  in  hydrogen 
and  the  consequent  ignition  and  fusion  of  platinum  wire.  Pt. 

Nicholson's  J.  9  (1804),  24. 
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1804:  20.    J.  W.  Eitter..    Ueber  den  Galvanismus.    I.  Ueber  die  Stelle 
des  Palladiums  und  anderer  Metallgemische  in  ihr.  Pd. 

Ann.  der  Phys.  (Gilbert),  16  (1804),  293. 

1805:  1.    E.  Chenivix.     On  the  action  of  platina  and  mercury  upon 

each  other.  Pt,  Pd. 

Phil.  Trans.  London,  95  (1805),  104;  Proc.  Roy.  Soc.  London,  1 

(1832),  175;  Ann.   d.   Chim.   66   (1808),   82;   N.   allg.   J.  Chem. 

(Gehlen),  6  (1806),  696;  Nicholson's  J.  11  (1805),  162;  Phil.  Mag. 

22  (1805),  26,  102. 

1805:  2.     W.  H.  Wollaston.     Letter  concerning  palladium.  Pd. 

Nicholson's  J.  10  (1805),  204. 

1805:  3.    W.  H.  Wollaston.    On  the  discovery  of  palladium,  with 
observations  on  other  substances  found  with  platina. 

1.  Ore  of  iridium,  p.  316.  Pd,  Pt,  Ir,  Os,  Rh. 

2.  Hyacinths,  318. 

3.  Precipitation  of  platinum,  319. 

4.  Deposition  of  palladium  and  palladium  amalgam,  322. 

5.  Eeasons  for  thinking  palladium  a  new  metal,  324. 

6.  Additional  properties  of  palladium,  326. 

Phil.  Trans.  London,  95  (1805),  316;  Proc.  Roy.  Soc.  London,  l 
(1832),  207;  Ann.  d.  Chim.  61  (1807),  89;  Bibl.  Brit.  28  (1805),  230: 
J.  fiir  Chem.  (Gehlen),  1  (1806/,  231;  J.  des  Mines,  21  (1807). 
131;  Nicholson's  J.  13  (1806),  117  (in  full);  Phil.  Mag-.  22  (1805), 
272. 

1805:  4.    .    Palladium  for  sale  (note).  Pd. 

Nicholson's  J.  11  (1805),  304. 

1805:  5.     [C.  L.  Berthollet.]     Sur  le  palladium.     (Letter  regarding 
origin  of  the  specimens.)  Pd. 

Ann.  d.  Chim.  54  (1805),  198. 

1805:  6.    H.  V.  Collet-Descotils.     Sur  le  rhodium  et  le  palladium. 
J.  des  Mines,  18  (1805),  185.  Bh,Pd. 

1805:  7.     A.  Tilloch.     Note  on  new  metal  in  platina.     (Rhodium.) 
Phil.  Mag.  21  (1805),  188.  Rh,  Pt. 

1805:  8.     A.  Tilloch.     A  new  process  for  rendering  platina  malleable. 

Phil.  Mag.  21  (1805),  175.  Pt. 

1805:  9.    L.  W.  Gilbert.     Ueber  die  neuen  Metalle  in  der  Platina  und 
iiber  das  Palladium.  Pt,  Pd,  Ir,  Os,  Rh. 

Ann.  der  Phys.  (Gilbert),  19  (1805),  120. 

1805:  10.     [L.  W.  Gilbert?]     Zusatz  die  neu  entdeckten  Metalle  in  der 
Platina  betreflfend.  Ir,  Os. 

Ann.  der  Phys.  (Gilbert),  19  (1805),  254. 
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1805:  11.  [A.  F.  Gehlen?]  Beytrage  zur  Qeschichte  der  neuem  Un- 
tersuchungen  iiber  die  Platina.  (Eeview  of  Wollaston,  Nicholson, 
Chenivix,  Tennant,  etc.)  Pt,  Pd,  Ir,  Os,  Bh. 

N.  allg.  J.  Chem.  (Gehlen),  4  (1805),  219. 

1805:  12.    A.  F.  Gehlen.    Einige  Bemerkungen  iiber  das  Palladium. 
N.  allg.  J.  Chem.  (Gehlen),  5  (1805),  234.  Pd. 

1805:  13.    J.  Stodart.     Precipitation  of  platina  as  a  covering  or  de- 
fense to  polished  steel,  and  also  to  brass.  Pt. 
Nicholson's  J.  11  (1805),  282;  Ann.  der  Phys.  (Gilbert),  24  (1806), 
117. 

1806:  1.  L.  N.  Vauquelix.  Sur  Texistence  du  platine  dans  les  mines 
d'argent  de  Guadalcanal  en  Estramadura.  Pt. 

Ann.  d.  Chim.  60  (1806),  317;  Ann.  der  Phys.  (Gilbert),  24  (1806), 
406;  25  (1807),  206;  J.  fiir  Chem.  (Gehlen),  2  (1806),  694;  Nichol- 
son's J.  17  (1807),  128  (in  fiOl);  PhiL  Mag.  27  (1807),  335;  29 
(1807),  278;  M6m.  de  I'lnst.  Paris.  1807,  Sem.  1,  289. 

1806:  2.    C.  F.  Bucholz.     (Ore  of  platinum.)  Pt. 

Acad.  Scien.  Erfurt.  Mar.  4,  1806;  Nicholson's  J.  15  (1806),  337. 

1806:  3.    A.  F.  Fourcroy  and  L.  N.  Vauquelin.    Notice  sur  les  pro- 

pri^t^s  compar^es  dans  quatre  m^taux  nouvellement  decouverts 

dans  le  platine  brut.     (History  of  discovery  of  the  platinum 

metals.)  Pt,  Pd,  Ir,  Os,  Bh. 

Ann.  Mus.  Nat.  Hist.  Paris,  7   (1806),  401;  M^in.  de  I'lnstitut, 

Paris,  6   (1806),  565;  Ann.  d.  Phys.   (Gilbert),  24   (1806),  209; 

Nicholson's  J.  15  (1806),  328;  J.  fur  Chem.  (Gehlen),  2  (1806), 

672;  PhiL  Mag.  26  (1807),  370. 

1806:  4.  J.  B.  Trommsdorff.  Beitrage  zu  den  neuesten  XJntersuch- 
ungen  des  rohen  Platina  und  Bestatigung  der  darin  neuentdeckten 
Metalle:  des  Osmiums,  Iridiums,  Rhodiums  und  Palladiums. 

J.  der  Pharm.  (Trommsd.),  14  (1806),  3.  Pt,  Pd,  Ir,  Os,  Bh. 

1806:  5.     L.  W.  Gilbert.    Einiges  zur  Geschichte  des  Palladiums,  aus 
Briefen  und  Aufsatzen  der  Herm  Chenivix  und  Wollaston.       Pd. 
Ann.  der  Phys.  (Gilbert),  24  (1806),  220. 

1806:  6.  CoRREA.  Note  sur  un  chalumeau  hydrostatique.  (Hare's 
blowpipe  and  fusion  of  platinum.)  Pt. 

Ann.  d.  Chim.  60  (1806),  81. 

1807:  1.     H.  V.  Collet-Dkscotils.     Note  sur  la  purification  du  platine. 

(Melting  ore  with  zinc.)  Pt. 

M6m.  Phys.  Chim.  de  la  Soc.  d'Arcueil,  1   (1807).  370;  Ann.  d. 

Chim.  64  (1807),  334;  Ann.  der  Phys.  (Gilbert).  27  (1807),  231; 

J.  fiir  Chem.  (Gehlen),  5  (1808),  321;  Phil.  Mag.  37  (1811),  65. 
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1808:  1.    H.    V.    Collet-Descotils.    Ueber   Chenivix's    Quecksilber- 
platin.     (Letter  to  Gehlen.)  Pt,  Pd. 

J.  fiir  Chem.  (Gehlen),  7  (1808),  195. 

1808:  2.     C.  L.  Berthollet.     Sur  des  experiences  de  M.  Chenivix  et  de 
M.  Descotils  sur  le  platine.  Pt,  Pd. 

Ann.  d.  Chim.  67  (1808),  86;  J.  fiir  Chem.  (Gehlen),  7  (1808),  47; 
Nicholson's  J.  25  (1810),  65. 

1809:  1.     W.  H.  WOLLASTON.     On  platina  and  native  palladium  from 
Brazil.  Pt,  Pd. 

Phil.  Trans.  London,  99  (1809),  189;  Proc.  Koy.  Soc.  London,  1 
(1832),  330;  Ann.  def  Phys.  (Gilbert),  36  (1810),  303;  Nichol- 
son's J.  25  (1810),  18;  Phil.  Mag.  33  (1809),  250;  35  (1810),  164; 
Bibl.  Brit.  44  (1810),  232. 

1809:  2.    J.  Cloud.    An  account  of  experiments  made  on  palladium 

found  in  combination  with  pure  gold  (from  Brazil).  Pd. 

Trans.  Amer.  Phil.  Soc.  6  (1809),  407;  Ann.  der  Phys.  (Gilbert)* 

36   (1810),  310;  Ann.  d.  Chim.  74   (1810),  99;  Nicholson's  J.   30 

(1812),  137;  J.  fiir  Chem.  (Schweigger),  1  (1811),  362. 

1809:  3.    J.  ScoTT.     On  the  superiority  of  platina  for  making  the  pen- 
dulum spring  of  watches.  Pt. 
Nicholson's  J.  22  (1809),  148. 

1809:  4.     6.  deMorveau.     M6moire  sur  la  tenacity  des  m6taux  ductiles. 

(Tenacity  of  platinum.)  Pt. 

M€m.  de  I'Inst.  Paris.  1809,  267;  Ann.  d.  Chim.  71   (1809),  194; 

Ann.  der  Phys.  (Gilbert),  34  (1810),  209;  Nicholson's  J.  26  (1810), 

102. 

1809:  5.    J.  6.  Children.    Experiments  performed  with  a  view   to 

asceri;ain  the  most  advantageous  method  of  constructing  a  voltaic 

apparatus.     (Fusion  of  platinum  wire,  etc.)  •   Pt. 

Phil.  Trans.  London,  99  (1809),  32;  Ann.  der  Phys.  (Gilbert),  ,35 

(1810),  366;  J.  fiir  Chem.  (Schweigger),  1  (1811),  374. 

1810:  1.     G.  DE  MoRVEAU.     Sur  la  mine  de  platine  de  Saint-Domingue. 
Ann.  d.  Chim.  73  (1810),  334;  Ann.  der  Phys.  (Gilbert),  36  Pt. 

(1810),  301;  Nicholson's  J.  31  (1812),  77. 

1810:  2.     Percy.     Sur  du  platine  trouv6  a  Saint-Domingue.  Pt. 

Ann.  d.  Chim.  74  (1810),  111. 

1810:  3.     L.  X.  Yauquelin.     Analyse  du  platine  trouve  k  Saint-Dom- 
ingue. Pt. 
Ann.  Mus.  Nat.  Hist.  Paris.  15  (1810),  317;  Ann.  der  Phys.  (Gil- 
bert), 36  (1810),  357;  Bui.  d.  L  Sc.  d.  L  Soc.  Philom.  Aug.  1810. 
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1810:  4.    H.  Davy.    Eesearches  on  the  oxymuriatic  acid,  its  nature  and 

combinations,  etc.     (Action  of  platinum  on  aqua  regia.)  Pt. 

PhiL  Trans.  London,  100  (1810),  243;  Ann.  d.  Chim.  76  (1810),  134; 

J.  fiir  Chem.  (Schweigger),  3  (1811),  110;  Bibl.  Brit.  45  (1810), 

229;  Ann.  der  Phys.  (Gilbert), 39  (1811),  3;  Brugnatelli,  Giornale, 

4  (1811),  129;  J.  de  Phys.  71  (1810),  326. 

1810:  5.    .     Fusion  of  iridium  and  osmium  at  the  Boyal  In- 
stitution.    (Note  on  lecture.)  Ir,  Os. 
Phil.  Mag.  35  (1810),  463. 

1811:  1.    A.  F.  Gehlbn.    Platinum  und  Palladium  in  Brazilien  und  St. 
Domingo  gefunden.     (Resum6.)  Pt,  Pd,  Eh,  Ir,  Os. 

J.  fur  Chem.  (Schweigger),  1  (1811).  362. 

1811:  2.    A.  VON  Humboldt.    Essai  politique  sur  le  royaume  de  la 
Nouvelle-Espagne.     (Sur  les  mines  du  Mexique.)  Pt. 

J.  des  Mines,  29  (1811),  101. 

1811:  3.    H.  Davy.    Elements  of  chemical  philosophy.     (Expansion  of 

platinum  and  palladium,  melting  of  platinum  in  electric  light, 

oxids  of  platinum  and  palladium  and  sulfid  of  palladium.)    Pt,  Pd. 

J.  fiir  Chem.  (Schweigger),  8  (1813),  336,  342;  PhiL  Mag.  40  (1812), 

442. 

1811:  4.    H.  Davy.    On  some  of  the  combinations  of  oxymuriatic  gas 
and  oxygene.     (Action  of  alkalies  on  platinum.)  Pt. 

Phil.  Trans.  London,  101  (1811),  1;  Proc.  Roy.  Soc.  London,  1 
(1832),  385;  J.  fiir  Chem.  (Schweigger),  3  (1811),  209,  212,  232; 
Ann.  d.  Chim.  78  (1811),  298;  79  (1811),  5;  Ann.  der  Phys.  (Gil- 
bert), 39  (1811),  43;  J.  de  Phys.  72  (1811),  358;  Nicholson's  J. 
29  (1811),  222. 

1811:  5.     6.  DE  MoRVEAU.     De  la  platinure  et  du  double  ou  plaqu6  de 
platine.     (Plating  with  platinum.)  Pt. 

Ann.  d.  Chim.  77  (1811),  297;  J.  des  Mines.  29  (1811),  392;  Nichol- 
son's J.  30  (1812),  292;  Brugnatelli,  Giornale,  4  (1811),  356. 

1811:  6.     M.   E.    Chevheul.     Recherches   chimiques   sur   le   bois   de 
Campdche.     (Precipitation  of  albumen  by  iridium  chlorid.)      Ir. 
Ann.  Mus.  Nat.  Hist.  Paris.  17  (1811),  339;  J.  fiir  Chem.  (Schweig- 
ger), 8  (1813),  290;  Ann.  d.  Chim.  81  (1812),  158;  Bull,  de  Pharm. 
3  (1811),  546;  Ann.  der  Phys.  (Gilbert),  42  (1812),  145. 

1812:  1.     P.  JoHXSON.    Experiments  which  prove  platina,  when  com- 
bined with  gold  and  silver,  to  be  soluble  in  nitric  acid.  Pt. 
Phil.  Mag.  40  (1812),  3. 

1812:  2.    E.  Davy.     On  the  combinations  of  sulphur  and  phosphorus 

with  platina.  Pt. 

Phil.  Mag.  40  (1812),  27;  J.  fiir  Chem.  (Schweigger),  10  (1814),  382. 
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1812:  3.    E.  Davy.    On  some  new  combinations  of  platina.  Pt 

With  sulfur,  p.  209. 

With  phosphorus,  oxygen,  chlorin,  ammonia,  p.  263. 
With  sulfuric  acid,  potassium  sulfate,  sodium  sulfate,  &c.,  p. 

350. 
Fulminating  platina,  p.  361. 

PhiL  Mag.  40  (1812),  209,  263,  350. 

1812:  4.    J.  J.  Berzblius.    Forsok  till  ett  rattfardigande  af  de  theo- 

retiskt-chemiska  asigter.     (Oxids  and  sulfids   of   the   platinum 

metals.)  R,  Pd,  Ir,  Os,  Rh. 

Kong*.  Vet.  Acad.  HandL  Stockholm,  33  (1813),  175,  196,  204;  Ann. 

of  Phil.  (Thomson),  3  (1813),  252,  353;  5  (1815),  20;  J.  fiir  Chem. 

(Schweiggrer),  7  (1813),  55,  66;  Ann.  d.  Chim.  83  (1812),  167.  16&; 

87  (1813),  126,  138. 

1813:  1.     L.  N*.  Vauquelin.     M6moire  sur  le  palladium  et  le  rhodium. 

(History,  separation,  properties,  compounds.)     (Best  resume  of 

the  history  of  palladium.)  Pd,  Bh. 

Ann.  d.  Chim.  88  (1813),  167;  Ann.  of  Phil.  (Thomson),  4  (1814). 

216,  271,  308;  5  (1815).  21;  J.  fiir  Chem.  (Schweigfir^),  12  (1814), 

265;  Phil.  Mag.  44   (1814),  33;  Bnigrnatelli.  Giornale,  8  (1815), 

221. 

1813:  2.     Leithner.     (Process  of  rendering  platinum  malleable.)       Pt. 
Ann.  of  Phil.  (Thomson),  5  (1815),  20. 

1813:  3.    A.  F.  Gehlen.    TJeber  ein  neues  Verfahren  das  Platin  zum 
Verarbeiten  geschickt  zu  machen.  Pt. 

J.  fiir  Chem.  (Schweigrger),  7  (1813),  309. 

1813:  4.     J.  S.  C.  ScHWEiGGER.     Ueber  Leithner's  Verfahren  Platin 
zum  Verarbeiten  geschickt  zu  machen.  Pt. 

J.  fiir  Chem.  (Schweigger),  7  (1813),  514. 

1813:  5.    W.  H.  Wollaston.    A  method  of  drawing  extremely  fine 

wires.  Pt. 

Phil.  Trans.  London,  103  (1813),  114;  Proc.  Roy.  Soc.  London,  1 

(1832),  455;  Ann.  of  Phil.   (Thomson),  1  (1813),  224;  Ann.  der 

Phys.  (Gilbert),  52  (1816),  284;  Bibl.  Brit.  [2],  1  (1816),  119. 

1813:  6.     [K.  A.]  Neumann.    Bemerkungen  iiber  Platingefasse.       Pt, 
J.  fiir  Chem.  (Schweigger),  9  (1813),  213. 

1813:  7.    A.  Mabcet.     On  an  easy  method  of  procuring  a  very  intense 
heat.  Pt. 

Ann.  of  Phil.  (Thomson),  2  (1813),  99;  J.  fiir  Chem.  (Schweigger). 
11  (1814),  45;  BrugnatelU,  Giornale,  7  (1814),  230. 
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1813:  8.  F.  C.  Vooel.  Beitrage  zu  der  Lehre  von  den  bestinimten 
chemischen  Mischungs-Verhaltnissen.  (Oxids  of  platinum  and 
palladium  and  platinum  amalgam.)  Pt,  Pd. 

J.  fur  Chem.  (Schweigger),  7  (1813),  188. 

1814:  1.     L.  N*.  Vauqublin.    M6moire  sur  Tiridium  et  sur  Tosmium. 

(History,  obtaining,  properties,  compounds,  alloys.)  Ir,  Os,  Pt. 

Ann,  d.  Chim.  89  (1814),  150,  225;  J.  fiir  Chem.  (Schweigger),  24 

(1818),  21;  Ann.  of  Phil.  (Thomson),  6  (1815),  433;  Hermbstadt, 

Museum,  6  (1815),  83. 

1814:  2.    L.  N.  Vauquelin.     Sur  le  palladium  et  le  rhodium.    Pd,  Rh. 
J.  des  Mines,  35  (1814),  141,  from  Nouv.  Bui.  des  Sc.;  J.  fiir  Chem. 
(Schweigger),  12  (1814),  265;  Ann.  of  Phil.  (Thomson),  4  (1814), 
216,  271;  Phil.  Mag.  44  (1814),  33. 

1814:  3.  A.  Laugieb.  Nouvelle  manifere  de  retirer  Tosmium  du  platine 
brut.  Os. 

Ann.  d.  Chim.  89  (1814),  191;  J.  fiir  Chem.  (Schweigger),  19  (1817). 
70;  Phil.  Mag.  44  (1814),  51. 

1814:  4.  L.  N".  Vauqueliij.  Experiences  sur  le  muriate  d'iridium  et 
de  potasse.  Ir- 

Ann.  d.  Chim.  90  (1814),  260. 

1814:  5.    B.  L.  Ruhland.    Beitrage  zur  Qesehichte  des  lods.     (Ver- 

bindung  des  lods  mit  Platin.)  Pt. 

J.    fiir   Chem.    (Schweigger),    11  (1814),    137;   Miinchen,    Denk- 
schriften,  1814-15,  151. 

1814:  6.  J.  S.  C.  Schweigger.  Amalgamiren  des  Platins  mittelst  des 
electrisehen  Stromes.  Pt. 

J.  fiir  Chem.  (Schweigger),  12  (1814),  224. 

1814:  7.  J.  P.  J.  D'Arcet.  *  Note  sur  Tessai  des  alliages  de  platine  et 
d'argent.  Pt. 

Ann.  d.  Chim.  89  (1814),  135. 

1814:  8.     W.  A.  Lampadius.     Legirung  des  Nickels  und  Platins.      Pt. 
J.  fiir  Chem.  (Schweigger),  10  (1814),  175;  Ann.  of  Phil.  (Thom- 
son), 5  (1815),  61. 

1814:  9.    J.  W.  Dobereiner.    Ueber  Platinagefasse  (besonders  in  Paris 

zu  chemisehem  Gebrauche  verferi;igte)  und  Bemerkungen  iiber 

das  Verhalten  der  Salpetersauren  Alkalien  gegen  Platin  und  iiber 

Kali.  Pt. 

J.  fiir  Chem.   (Schweigger),  10  (1814),  217. 

1814:  10.  JoRis.  Ueber  Verferi;igung  von  Platingefassen,  Ausbesser- 
ung  schadhaft  gewordener,  und  iiber  eine  Qedaehtnissmiinze  aus 
Platin  auf  den  Sieg  bei  Leipzig.  Pt. 

J.  fur  Chem.  (Schweigger),  11  (1814),  385. 
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1814:  11.     ScHOLZ.    Ueber  Platinaverarbeitung.  Pt 

J.  fiir  Chem.  (Schweigger),  12  (1814),  349. 

1815:  1.  L.  N.  Vauquelin.  Note  sur  la  maniere  d'obtenir  le  muriate 
ammoniaco  de  rhodium,  r^guli^rement  criBtallis^.  Eh. 

Ann.  d.  Chim.  93  (1815),  204. 

1815:  2.    J.  G.  Childhbn.    Experiments  with  a  large  voltaic  battery. 

(Fusion  of  platinum,  &c.)  Pt,  Ir,  Os. 

Phil.  Trans.  London,  105  (1815),  363;  Ann.  d.  Chim.  96  (1815),  120; 

Bnignatelli,  Giomale,  9  (1816),  282;  Ann.  der  Phys.  (Gilbert), 

52  (1816),  353;  J.  fiir  Chem.  (Schweigger),  16  (1816),  355. 

1816:  1.    C.  BiDOLFi.     (Purification  of  platinum.)  Pt 

Qiomale  di  Scienza  ed  Art!  (Firenza);  Quart.  J.  Sci.  1  (1816), 

259;  Ann.  of  PhiL  (Thomson),  7  (1817),  29;  13  (1819),  70;  J.  fiir 

Chem.  (Schweigger),  24  (1818),  439;  PhiL  Mag.  48   (1816),  72; 

53  (1819),  68;  BibL  Brit.  [2],  2  (1816),  73. 

1816:  2.  Chaudet.  M^moire  sur  quelques  experiences  tendantes  k 
determiner  par  la  coupellation  .  .  .  le  titre  exact  d'un  lingot  con- 
tenant  de  Tor,  du  platine,  de  Targent  et  du  cuivre.  Pt. 

Ann.  chim.  phys.  2  (1816),  264;  Earsten,  Archiv  f.  Bergbaa,  11 
(1826),  66;  Ann.  des  Mines,  2  (1817),  105. 

1816:  3.    J.  P.  Dessaignes.    Phenom^nes  de  repulsion  et  d'attraction 

sans  61ectricit6.     (Platinum  plates  in  evening  air  by  window 

attract  and  repel  needle.)  Pt. 

J.  de  Phys.  83  (1816),  15;  J.  fiir  Chem.  (Schweigger),  20  (1817),  86. 

1817:  1.  A.  VON  Humboldt.  Ueber  die  Hohe  von  Bergen  in  Hindostan. 
(Occurrence  of  platinum  in  South  America,  p.  31.)  Pt. 

Ann.  der  Phys.  (GUbert),  56  (1817),  1, 

1817:  2.    L.  N.  Vauquelin.    Sur  le  sulfure  de  platine,  sur  ses  oxides, 

et   quelques   combinaisons   de    ce   m6tal.      (Also    on   platinum 

chlorid.)  Pt 

Ann.  chim.  ph^'s.  5  (1817),  260;  J.  fiir  Chem.  (Schweigger),  20 

(1817),  394,  398;  J.  de  Phys.  85  (1817),  21,  113,  355;  Ann.  of  PhiL 

(Thomson),  12  (1818),  18;  Quart.  J.  Sci.  4  (1818),  74;  N.  J.  der 

Pharm.  (Trommsd.),  2  (1818),  325;  Ann.  des  Mines,  3  (1818),  195. 

1817:  3.    L.  N.  Vauquelin.     Sur  quelques  sels  triples  de  platine,  et 

notamment  sur  le  muriate  de  ce  m6tal  et  de  sonde.     (Also  on 

platinum  sulfate.)  Pt. 

Ann.  chim.  phys.  5  (1817),  392;  J.  fiir  Chem.  (Schweigger),  20 

(1817),  451;  Ann.  of  PhiL  (Thomson),  12  (1818),  28;  Ann.  des 

Mines,  3  (1818),  195. 
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1817:  4.     A.  F.  Qehlen.    Ueber  die  Eeduction  der  Metalle  durch  ein- 

ander,    und     die    dabei    stattfindenden    Ldcht-Erscheinimgen. 

(Action  of  platinum  on  arsenions  oxid,  iron,  copper,  zinc,  &e., 

p.  356.)  R. 

J.  fur  Chem.  (Schweigger),  20  (1817),  353. 

1817:  5.    E.  Davy.     On  a  new  fulminating  platinum.  Ft. 

PhiL  Trans.  107  (1817),  136*  Proc.  Roy.  Soc.  London,  2  (1833),  63; 
Ann.  of  PhU.  (Thomson),  7  (1816),  468;  9  (1817),  229;  Ann.  chim. 
phys.  5  (1817),  413;  J.  fiir  Chem.  (Schweigger),  19  (1817),  91; 
PhU.  Mag.  49  (1817),  146;  Quart.  J.  Sci.  3  (1817),  131;  Bibl.  Brit. 
[2],  5  (1817),  160;  6  (1817).  155;  Ann.  des  Mines,  3  (1818),  197. 

1817:  6.  T.  VON  Qbotthus.  Beitrag  zur  Geschichte  der  Anthrazo- 
thionsaure.     (Flatinanthrazothionhydrat,  p.  242.)  Ft. 

J.  fur  Chem.  (Schweigger),  20  (1817),  225;  Ann.  of  Phil.  (Thom- 
son), 13  (1819),  39. 

1817:  7.  H.  A.  von  Vogel.  Notiz  iiber  das  Lithion.  (Einwirkung 
von  Lithion  auf  Flatintiegeln.)  Ft. 

J.  fiir  Chem.  (Schweigger),  21  (1817),  345. 

1817:  8.    E.  D.  Clabke.    Account  of  some  experiments  made  with 

Newman's  blowpipe  by  inflaming  a  highly  condensed  mixture  of 

the  gaseous  constituents  of  water.     (Fusion  and  alloys  of  platinum 

metals.)  Ft,  Fd,  Ir,  Os,  Rh. 

Quart.  J.  Sci.  2  (1817),  104;  Ann.  chim.  phys.  3  (1816),  39;  Ann. 

des  Mines,  1  (1816),  453;  Ann.  der  Phys.  (Gilbert),  55  (1817),  8, 

119;  J.  fiir  Chem.  (Schweigger),  18  (1816),  239;  Oken,  Isis,  1, 

(1817),  956. 

1817:  9.  E.  D.  Clabke.  Further  observations  respecting  the  decom- 
position of  earths,  and  other  experiments  made  by  burning  a 
highly  compressed  mixture  of  the  gaseous  constituents  of  water. 
(Similar  to  above.)  Ft,  Fd,  Ir,  Os,  Bh. 

Ann.  of  Phil.  (Thomson),  9  (1817),  89,  194;  Ann.  der  Phys.  (Gil- 
bert), 62  (1819),  339;  J.  fiir  Chem.  (Schweigger),  21  (1817),  385. 

1817:  10.    H.  Davy.     Some  new  experiments  and  observations  on  the 

combustion  of  gaseous  mixtures,  with  an  account  of  a  method  of 

preserving  a  continued  light  in  mixtures  of  inflammable  gases 

and  air  without  flame  (by  platinum  and  palladium).  Ft,  Fd. 

Phil.  Trans.  London,  107   (1817),  77;  Proc.  Roy.  Soc.  London,  2 

(1833),  61;  J.  fiir  Chem.   (Schweigger),  20   (1817),  178;  J.  de 

Phys.  84  (1817),  225;  BibL  Brit.  [2],  5  (1817),  319. 

1817:  11.  Q.  ScHitBLEB.  Ueber  das  Entgliihen  erwarmter  Metalle  im 
Aetherdunst,  etc.  Ft,  Fd. 

J.  fiir  Chem.  (Schweigger),  20  (1817),  199;  Bibl.  Brit.  [2],  5  (1817), 
147. 
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1817:  12.    M.  F[ahadat].    Eeport  on  some  experiments  made  with 

compressed  oxygene  and  hyqlrogene,  in  the  laboratory  of  the 

Eoyal  Institution.  Pt. 

Quart.  J.  Sci.  2  (1817),  461;  J.  fiir  Ch^sm.  (Schweigger),  18  (1816), 

•  337. 

1817:  13.  J.  MuHRAY.  On  the  phenomena  of  platinum  and  other  wires 
in  inflammable  media.  Pt. 

Phil.  Mag.  49  (1817),  120,  142. 

1817:  14.  J.  T.  Cooper.  On  some  combinations  of  platinum,  (Allo)-s 
and^oxids.)  Pt 

Quart.  J.  Sci.  3  (1817),  119. 

1818:  1.  H.  Heuland.  On  a  mass  of  platinum  at  Madrid  (from 
Choc6).  Pt. 

Ann.  of  Phil.  (Thomson).  12  (1818),  200;  Phil.  Mag.  52  (1818),  382; 
57  (1821),  228;  Ann.  chim.  phys.  9  (1818),  331. 

1818:  2.  J.  Ma  WE.  Nachricht  von  dein  Vorkommen  .  .  .  edler  Metalle 
in  Brazilien.  Pt,  Ir,  Os. 

Ann.  der  Phys.  (Gilbert),  59  (1818),  168. 

1818:  3.    J.  Cloud.    An  account  of  some  experiments  made  on  crude 

platinum,  and  a  new  process  for  separating  palladium  and  rhodium 

from  that  metal.  Pt,  Pd,  Kh. 

Trans.  Amer.  Phil.  Soc.  [2],  1  (1818),  161;  Ann.  der  Phys.  (GU- 

bert),  72  (1822),  253;  J.  fur  Chem.  (Schweiggfer),  43  (1825),  316; 

Bui.  math.  chim.    (Ffirussac),  1   (1824),  313;  Ann.  des  Mines, 

4  (1819),  131;  Berzelius  Jsb.  3  (1824),  104. 

1818:4.  F.  AccuM.  A  practical  treatise  on  chemical  reagents.  Lon- 
don, 1818.  (Palladium  in  platinum  ore;  precipitated  by  mercury 
prussiate  and  heat.)  Pt,  Pd. 

Bibl.  Brit.  [2],  9  (1818),  37. 

1818:  6.  J.  J.  Berzelius.  Ueber  das  selenium.  (No  compound  with 
rhodium,  palladium  or  platinum.)  Pt,  Pd,  Eh. 

J.  fiir  Chem.  (Schweigger),  23  (1818),  439. 

1818:  6.  J.  J.  Berzelius.  Forsok  att  najrmare  bestamma  atskilliga 
oorganiska  kroppars  sammansattning,  till  vinnanda  af  en  narmare 
utveckling  af  laran  om  de  kemiska  proportionema.  (Versuche 
iiber  die  Zusammensetzung  der  Hhodiumoxyde,  und  ihre  Ver- 
haltnisse  zu  den  Siiuren.)  Bh. 

Hisinger,  Afhandl.  Fysik,  5  (1818),  379;  J.  fiir  Chem.  (Schweig- 
ger), 23  (1818),  285;  Ann.  chim.  phys.  11  (1819),  225;  J.  de  Phys, 
86  (1818),  356;  Quart.  J.  Sci.  12  (1822),  321;  Ann.  of  PhiL  (Thom- 
son), 15  (1820),  352. 
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1818:  7.    J.  J.  Berzelius.     Gewicht  der  elementaren  Maasstheile. 

J.  fiir  Chem.  (Schweigger),  22  (1818),  317,  325,  327.       Pt,  Pd,  Eh. 
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Ann.  der  Phys.  (Gilbert),  58  (1818),  111;  Ann.  of  PhiL  (Thom- 
son), 13  (1819),  229;  BibL  Brit.  [2],  11  (1819),  80;  Ann.  des 
Mines,  4  (1819),  130. 

1818:  11.  L.  N.  Vauquelin.  Note  sur  une  nouvelle  esp^ce  d'alcali 
mineral  (lithion).     (Action  of  lithia  on  platinum.)  Pt. 

Ann.  chim.  phys.  7  (1818),  287;  Ann.  des  Mines,  3  (1818),  119;  J. 
fiir  Chem.  (Schweigger),  21  (1817),  450. 

1818:  12.  L.  J.  Qay-Lus8ac.  Sur  la  fixit6  du  degr6  d*6bullition  des 
liquides.     (Use  of  platinum  wire  to  prevent  "  bumping.^')         Pt. 

Ann.  chim.  phys.  7  (1818),  313;  J.  fiir  Chem.  (Schweigger),  24 
(1818),  327;  Ann.  of  PhiL  (Thomson),  12  (1818),  129. 

1818:  13.  S.  T.  von  Sommerring.  Gllihung  des  Platins  iiber  Alcohol. 
(Experiment  before  the  Acad,  of  Sci.,  Miinchen.)  Pt. 

J.  fiir  Chem.  (Schweigger),  22  (1818),  228. 

1818:  14.  P.  Erman.  Ueber  eine  eigenthumliche  reziproke  Wirkung 
der  zwei  entgegensetzten  elektrischen  Thatigkeiten.  (Action  of 
the  incandescent  platinum  of  Davy's  aphlogistic  lamp.)  Pt. 

Abhandl.  Akad.  Berlin.  1818-'19,  351;  Ann.  chim.  phys.  25  (1824), 
278. 

1818:  15.    T.  QiLL.     On  a  lamp  without  a  flame.  Pt. 

Ann.  of  PhiL  (Thomson),  11  (1818),  217;  Amer.  J.  of  Sci.  1  (1819), 
207. 

1818:  16.    H.Davy.     On  an  ignited  wire  lamp.  R. 

Quart.  J.  Sci.  5  (1818),  128;  Amer.  J.  of  Sci.  1  (1819),  309;  PhiL 
Mag.  50  (1817),  230. 

1818:  17.    .     Emploi  du  camphre  pour  tenir  un  fil  de  platine 

rouge.     (Observation  of  H.  Davy.)  Pt. 

Ann.  chim.  phys.  8  (1818),  443. 
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1818:  18.    p.  L.  DuLOXG  and  A.  T.  Petit.    Recherches  sur  la  mesure 

des  temperatures.     (Specific  heat  of  platinum,  p.  148.)  R. 

Ann.  chim.  phys.  7   (1818),  113;  J.  fiir  Chem.   (Schweiggfer),  25 

(1819),  322;  Ann.  of  Phil.  (Thomson),  13  (1819),  167;  Ann.  der 

Phys.   (Gilbert),  68   (1818),  254;  J.  de  Phys.  82   (1818),  313;  J. 
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1819:  4.     E.  D.  Clarke.     On  the  alloy  of  platinum  and  lead.  Pt. 

Ann.  of  PhlL  (Thomson),  14  (1819),  229;  Polyt.  J.  (Dingl.),  5 
(1821),  125. 

1819:  6.    E.  D.  Clarke.     On  the  alloy  of  platinum  and  tin.  Pt. 

Ann.  of  Phil.  (Thomson),  14  (1819),  470. 

1819:  6.    R.  W.  Fox.    Alloys  of  platinum  (with  tin,  antimony  and  zinc). 
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Ann.  of  Phil.  (Thomson),  13  (1819),  467;  PhiL  Mag.  54  (1819),  72; 
Ann.  Gen.  Sci.  Phys.  (Brux.),  1  (1819),  363. 

1819:  7.  T.  HowsE.  Query  respecting  the  method  of  coating  metals 
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Ann.  chim.  phys.  10  (1819),  395;  Ann.  der  Phys.  (Pogr^.),  6  (1«^)» 
394;  J.  fiir  Chem.  (Schweigger),  28  (1820),  122;  BrugnatellL 
Giornale,  2  (1819),  305;  J.  de  Phys.  89  (1819),  80;  BiiL  See 
Philom.  Paris.  1819,  103;  Phil.  Mag.  54  (1819),  267;  Ann.  of 
Phil.  (Thomson),  14  (1819),  189. 


BIBLIOOBAPHY  OF  METALS   OF  THE  PLATINUM   GBOUP  33 

1820:  1.    E.  Davy.    On  some  combinations  of  platinum.     (Platinum 
sulfate  on  alcohol^  and  as  a  test  for  gelatine;  a  grey  ozid  of  pla- 
tinum; platinum  fulminate.)  Pt. 
Phil.  TranB.  London,  110  (1820),  108;  Proc.  Roy.  Soc.  London,  2 
(1833),  124;  Ann.  of  Phil,  (Thomson),  15  (1820),  297;  16  (1820), 
385;  J.  fiir  Chem.  (Schweigger),  31  (1821),  340;  Berzelius  Jab.  1 
(1822),  59;  BuL  Soc.  Philom.    Paris,  1820,  54;  Phil.  Mag.  56 
(1820),  330;  Ann.  des  Mines,  6  (1821),  148. 

1820:  2.    T.  Thomson.    On  arsenic.    (Action  of  sodium  arseniate  on 
iridium,  rhodium  and  platinum  salts.)  Pt,  Ir,  Bh. 

Ann.  of  Phil.  (Thomson),  15  (1820),  84;  J.  fiir  Chem.  (Schweig- 
ger), 29  (1820),  435. 

1820:  3.    T.  Thomson.    Eepetition  of  Fox  and  Clarke's  experiments  on 
the  alloy  of  platinum  and  tin.  Pt. 

Ann.  of  Phil.  (Thomson),  16  (1820),  18. 

1820:  4.     H.  Bose.    Beitrage  zur  chemischen  Kenntniss  des  Qlimmers. 
(Oxydation  des  Platins  durch  Braunstein.)  Pt. 

J.  fiir  Chem.  (Schweigger),  29  (1820),  282. 

1820:  6.    G.  B.  Sowerbt.    Crystallization  of  platinum.  Pt. 

Ann.  of  Phil.  16  (1820),  233;  Ann.  chim.  phys.  15  (1820),  111;  Polyt. 
J.  (Dingl.),  3  (1820),  125. 

1820:  6.    B.  Habb.    Strictures  on  a  publication  entitled  Clark's  "  Qas 
Blow-pipe.'*  Pt. 

Amer.  J.  of  Sci,  2  (1820),  281. 

1820:  7.  J.  Stodaet  and  M.  Faraday.  Experiments  on  the  alloys  of 
steel,  made  with  a  view  to  its  improvement.  Pt,  Pd,  Ir,  Bh,  Os. 
Quart.  J.  Sci.  9  (1820),  319;  Ann.  der  Phys.  (Gilbert),  66  (1820), 
197;  Ann.  chim.  phys.  15  (1820),  157;  Ann.  des  Mines,  6  (1821), 
261;  Jem.  Eont.  Ann.  5  (1821),  120;  J.  de  Phys.  91  (1820),  378; 
Phil.  Mag.  56  (1820),  26;  Edin.  Phil.  J.  3  (1820),  308;  Arch.  ges. 
Naturl.  2  (1824),  36. 

1821:  1.    .    Extraordinary  mass  of  platina  discovered  in 

Peru.  R. 

Edin.  Phil.  J.  4  (1821),  214;  Amer.  J.  of  Sci.  4  (1822),  28. 

1821:  2.    J.  J.  Berzelius.    Sur  la  composition  des  oxides  du  platine  et 

dePor.  Pt. 

Ann.  chim.  phys.  18  (1821),  146;  J.  fiir  Chem.  (Schweigger),  33 

(1821),  422;  34  (1822),  81;  Quart.  J.  Sci.  12   (1822),  412;  Edin. 

PhU.  J.  6  (1822),  9;  Ann.  des  Mines,  7  (1822),  137. 

1821:  3.    J.  J.  Berzelius.    Om  de  svafvelbundna  alkaliemas  samman- 

sattning.     (Sulfids  of  platinum  and  rhodium.)  Pt,  Bh. 

Akad.  Handl.  (Stockholm),  1821,  i,  80;  Ann.  chim.  phys.  20  (1822), 

34,  113,  225;  Quart.  J.  Sci.  11  (1821),  388;  14  (1822),  209;  J.  fiir 
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Chem.  (Schweiggrer),  34  (1822),  22,  57;  Ann.  of  Phil.  (Thomson),, 
4  (1822),  284,  343. 

1821:  4.    J.  B.  BoussiNGAULT.     Sur  la  combinaison  du  silicium  avec  le 
platine.  (Not  compound  of  platinum  and  carbon  as  first  thought.) 
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Ann.  chim.   phys.   16    (1821),   5;  J.  fur  Chem.    (Schweigrger)    32 

(1821),  483;  Phil.  Mag.  59  (1822),  185;  Berzelius  Jsb.  2  (1823),  88; 

Archiy  f.  Bergbau  (Earsten),  5  (1822),  158;  Ann.  des  Mines,  7 

(1822),  139. 

1821:  6.    T.  Thomson.     (Oxid  of  platinum.)  R. 

Ann.  chim.  phys.  18  (1821),  146;  Berzelius  Jsb.  2  (1823),  87. 

1821:  6.    C.  H.  Ppaff.    Ueber  die  Weinsteinsaure  und  das  salzsaure 
Platin  als  Eeagentien  fiir  Kali.  Pt. 

J.  fiir  Chem.  (Schweigger),  33  (1821),  473. 

1821:  7.    J.  MuRKAY.     On  the  change  of  colour  in  blue  vegetable 
colours  by  metallic  salts.     (Colored  green  by  platinic  chlorid.)  Pt. 
Phil.  Mag.  58  (1821),  273;  J',  fiir  Chem.  (Schweigger),  33  (1821)»  ^ 

486. 

1821:  8.    J.  F.  Daniell.     On  a  new  pyrometer.     (Platinum  amalgam, 

p.  319.)  Pt. 

Quart.  J.  Sci.  11  (1821),  309;  J.  fur  Chem.  (Schif^eigger),  33  (1821),. 

110. 
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1821:9.    J.Murray.     On  the  alloys  of  platinum.  Pt. 

Edin.  Phil.  J.  4  (1821),  202. 

1821:  10.    T.  J.  Sbebece.    Magnetische  Polarisation  der  Metalle  und 

Erze   durch   Temperature-Diflferenz.     (Platina   tiegeln  auf   ihre 

chemische  Reinheit  durch  Thermomagnetismus  zu  priifen.)     Pt. 

Abhandl.  Acad.  Berlin.  1822-23,  265;  J.  fiir  Chem.  (Schweigger)^ 

46  (1826),  101;  J.  techn.  Chem.  2  (1828),  102;  Ann.  der  Phys. 

(Pogg.).  6  (1826),  1,  114,  265. 

1821:  11.    J.  p.  Charlton.    On  the  production  of  colours  by  mechani- 
cal  division.     (Eflfect  of  platinum  black.)  Pt. 

Ann.  of  PhiL  (Thomson),  18  (1821),  182;  J.  fiir  Chem.  (Schweig- 
ger), 33  (1821),  240. 

1821:  12.    J.  P.  Charltox.  On  the  black  enamel  obtained  from  platina* 
(Colors  from  platinum  and  iridium.)  Pt,  Ir. 

Ann.  of  Phil.  (Thomson),  18  (1821),  337;  J.  fiir  Chem.  (Schweig- 
ger), 34  (1822),  253;  Polyt.  J.  (Dingl.),  7  (1822),  350. 

1821:  13.    E.  D.  Clarke.     Observations  upon  the  gas  blow-pipe.     (Re- 
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Ann.  of  PhiL  (Thomson),  17  (1821),  424.  I 
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1822:  1.    E.  Barrubl.    Process  for  procuring  pure  platinum,  palla- 
dium,  rhodium,  iridium  and  osmium  from  the  ores  of  platinum. 

R,  Pd,  Ir,  Kh,  Os. 

Quart.  J.  Sci.  12  (1822),  246;  PhU.  Mag.  59  (1822),  171  (in  full); 
Polyt.  J.  (Dingl.),  8  (1822),  231;  Berzelius  Jsb.  3  (1824),  105. 

1822:  2.    L.  Gmelin  and  F.  Wohlbr.    Neue  Cyanverbindungen.     (Pot- 
assium platino-  and  pallado-cyanids.)  Pt,  Pd. 

Gmelin's  Handbuch  der  theoret.  Chemie,  3te  Auflage,  2,  ii,  1692; 
J.  fiir  Chem.  (Schweigger),  36  (1822),  230. 

1822:  3.    J.  Murray.    On  the  combination  of  the  earths  with  platinum. 
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Edln.  PhiL  J.  6  (1822),  385.  Pt. 
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1822:  6.    J.  W.  DObbreiner.     Gliihendes  Verbrennen  des  Alkohols 

durch  erhitzte  Metalle  und  Metalloxyde.     (Durch  Platindraht.) 

J.  fiir  Chem.  34  (1822),  91.  Pt. 

1822:  7.    .     Sur  Tacide  form6  par  la  combustion  de  l'6ther 

an  moyen  d'un  fil  de  platine.  Pt. 

Ann.  chim.  phys.  20  (1822),  223. 

1823:  1.     C.  C.    On  the  existence  of  chrome  in  the  ore  of  platinum. 
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1823:  2.    PuYMAURiN.    Note  sur  le  palladium.     (Note  on  palladium, 
prices,  Ac.)  Pd. 

Bui.  Soc.  Encour.  (Paris),  22  (1823),  163;  Bibl.  Univ.  83  (1823), 
235;  Polyt.  J.  (Dingier),  12  (1823),  375;  J.  fiir  Chem.  (Schweig- 
ger), 39  (1823),  356. 

1823:  3.    B.  Silliman.    Test  for  platinum.     (Hydriodic  acid.)  Pt. 

Amer.  J.  of  Sc.  6  (1823),  276;  J.  fiir  Chem.  (Schweigger),  42  (1824), 
121;  Polyt.  J.  (DingL),  12  (1823),  465;  Ann.  of  PhiL  (Thomson), 
22  (1823),  397;  Ann.  des  Mines,  10  (1825),  176;  Mag.  fiir  Pharm. 
5  (1824),  262. 
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1823:  4.    J.  J.  Bebzelius.    Undersokning  af  fluss-Bpatssyran  och  dees 

markyardigaste  foreningar.     (Flussspathsaures  Platinozyd^  Ann. 

der  PhjB.  (Pogg.),  1  :  36,  47;  Fluasspathsaures  Kieselplatindxyd, 

1 :  201;  Einwirkting  von  Silicium  auf  Platin  und  Bhodium,  1: 

220.)  Pt,  Bh. 

Acad.  Handl.  Stockholm,  1823,  284;  Ann.  der  Phys.   (Pogg.).   1 

(1824),  36,  47,  201,  220;  Ann.  chim.  phys.  27    (1824),  53,   167; 

Qnart.  J.   Sd.   18    (1825),   156;   Ann.   of  PhiL    (Thomaon),   24 

(1824),  337,  450. 

1823:  5.  B.  Brakdes.  Monographie  der  Kamphersanre.  (Kampher- 
eanres  Platinoxyd,  p.  299.)  Pt. 

J.  fiir  Chem.  (Schweigger),  38  (1823),  269. 

1823:  6.  J.  W.  DObebeikeb.  Neuentdeckte  merkwiirdige  Eigen- 
Bchaften  des  Platin-suboxyds^  des  oxydirten  Schwefel-Platdns,  nnd 
des  metalliachen  PlatinstaubeB.  (Oxydation  of  alcohol  to  acetic 
acid.)  Pt. 

J.  fiir  Chem.  (Schweigger),  38  (1823),  321;  Ann.  chim.  phys.  24 
(1823),  91  (in  full);  BibL  Brit.  [2],  24  (1823),  54;  Edin.  PhiL  J. 
10  (1824),  153;  Ann.  der  Phys.  (QUbert).  74  (1823),  269;  Quart. 
J.  Sci.  16  (1823),  375;  Ann.  of  PhiL  22  (1823),  464;  PhiL  Mag.  62 
(1823),  289,  396;  Amer.  J.  of  Sci.  7  (1824),  387;  N.  J.  der  Pharm. 
(Trommad.),  7  (1823),  119;  Ann.  des  Mines,  9  (1824),  243;  Mag. 
fiir  Pharm.  4  (1823),  49,  127. 

1823:  7.    J.  W.  D5bebeikbb.    Platin  nnd  Waaserstoffgas.  Pt. 

Oken,  laia,  1823,  989. 

1823:  8.    J.  W.  DdSEBEiKEB.    TJeber  das  Entglnhen  des  Platinpnlvers. 
J.  fUr  Cniem.  (Schweigger),  39  (1823),  159.  Pt 

1823:  9.    P.  L.  Dulokg  and  L.  J.  Thenabd.    Note  sur  la  propri^t^  qui 

posa^ent  quelqnee  m^tauz  de  faciliter  la  combinaison  des  flnides 

ilastiqnes.  Pt,  Pd,  Ir. 

Ann.  chim.  phys.  23   (1823),  440;  Ann.  der  Phys.  (Gilbert),  76 

(1824),  83;  BibL  Brit.  [2],  24  (1823),  195;  Froriep,  Notizen,  6 

(1824),  83;  M^m.  Acad.  Sci.  Paria.  5  (1821),  476;  Quart.  J.  ScL 

17  (1824),  138;  J.  fiir  Chem.  (Schweigger),  39  (1823),  205;  Phil. 

Mag.  62  (1823),  282;  Ann.  of  PhiL  (Thomson),  6  (1823),  376;  Mag. 

fiir  Pharm.  5  (1824),  142. 

1823:  10.    P.  L.  Dulong  and  L.  J.  Thenabd.    Nouvelles  observationa 
snr  la  propri6t6  dont  jouissent  certains  corps  de  favoriser  la  com- 
binaison des  flnides  ^lastiqnes.  Pt 
Ann.  chim.  phys.  24   (182^,  380;  Ann.  der  Phya.   (Gilbert),  76 
(1824),  89;  M6m.  Acad.  Sci.  Paris.  5  (1821),  481;  J.  fiir  Chem. 
(Schweigger),  40  (1824),  229;  Moniteur  (1823),  Xov.  12;  Arch, 
gea.  Naturi.  1  (1824).  81;  Mag.  fiir  Pharm.  8  (1824),  244. 
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11.    A.  Garden.    On  the  ignition  of  platina  by  hydrogen  gas. 

Pt,Ir. 
Ann.  of  Phil.  (Thomson),  22  (1823),  466;  J.  fiir  Chem.  (Schweig- 
ger),  40  (1823),  115. 

1823:  12.  C.  G.  Gmelin.  TJeber  Dobereiner's  Entdeckung  der  Eigen- 
Bchaft  des  Platinstaubes^  Wafiserstoff  zu  entztinden.  Pt. 

J.  fiir  Chem.   (Schweigger),  38   (1823),  515;  Bibl.  Brit.   [2],  24 
(1823),  278. 

1823:  13.  L.  W.  Gilbert,  Chladni  and  J.  F.  Daniell.  Ueber  das 
Gliihlampchen.  Pt. 

Ann.  der  Phya.  (Gilbert),  75  (1823),  95. 

1823:  14.    W.    Herapath.    On    Dobereiner's    new    experiment    with 
hydrogen  gas  and  platinum  in  a  finely  divided  state.    (Bead  be- 
fore Bristol  Phil.  Soc.  of  Inquirers.)  Pt. 
Phil.  Mag.  62  (1823),  286;  J.  fiir  Chem.  (Schwdgger),  39  (1823), 
255;  Mag.  fiir  Pharm.  5  (1824),  143,  240. 

1823:  15.  £.  Karmarsoh.  Ueber  das  Gluhen  yon  Metalldrahten  in 
den  Dampfen  fliiehtiger  Substanzen.  Pt. 

Ann.  der  Phys.  (Gilbert),  75  (1823),  83. 

1823;  16.    C.  H.  Ppapp.    Ueber  die  von  Dobereiner  entdeckte  merk- 

wordige  Eigenschaft  des  metallischen  Platinastaubes  oder  Platina- 

schwammes.  Pt. 

J.  fnr  Chem.   (Schweigger),  40   (1823),  1;  Mag.  fiir  Pharm.   6 

(1824),  138;  8  (1824),  243. 

1823:  17.  A.  Pleischl.  Beobachtimgen  iiber  das  Entgliihen  des  Pla- 
tinpnlvers  im  Hydrogenstrome.         -  Pt. 

J.  fiir  Chem.  (Schweigger),  39  (1823),  142,  201;  Bibl.  Brit.  [2],  25 
(1824),  112;  26  (1824),  38;  J.  d.  I'lnBt.  roy.  No.  32. 

1823:  18.    A.  Pleischl.    Beobachtungen  iiber  das  Entgliihen  des  Pal- 
ladiums im  Hydrogenstrome.  Pd. 
J.  fiir  Chem.  (Schweigger),  39  (1823),  351;  Ann.  der  Phys.  (Gil- 
bert), 76  (1824),  98. 

1823:  19.  J.  S.  C.  Schweigger.  Ueber  Dobereiner's  neues  Peuer- 
prindp.  Pt. 

J.  fOr  Chem.  (Schweigger),  39  (1823),  205;  40  (1824),  10,  239,  277; 
41  (1824),  402;  PhiL  Mag.  64  (1824),  3. 

1823:  20:  J.  B.  Brbant.  Description  d'xm  proc6d4  k  Faide  duquel  on 
obtient  tme  esp^ce  d'acier  fondu  semblable  k  celni  des  lames 
damasstoi  orientales.    (Palladium  steel.)  Pd. 

Ann.  chim.  phys.  24  (1823),  388;  Bibl.  UniT.  83  (1823),  236;  Edinb. 
Phil.  J.  9  (1823),  404;  Ann.  des  Mines,  9  (1824),  319;  Ann.  of 
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Phil.  (Thomson),  8  (1824),  267;  Arch.  gca.  NatnrL  2  (1821),  38; 
J.  fiir  Chem.  (Schweigger),  40  (1824),  295;  Quart.  J.  Sci.  18 
(1825),  386;  Techn.  Rep.  (GUI),  6  (1824),  49;  Mag.  fiir  Pharm.  4 
(1823),  216. 

1823:  21.    J.  E.  Bbeant.     (Palladium  medals.)  Pd. 

Moniteur  (1823),  June  22;  Arch.  ges.  NaturL  2  (1824),  244. 

1823:  22.    A.  C.  Beoquebel.    Sur  les  fils  tr^-fins  de  platine  et  d'acier. 
(Working  of  platinum.)  Pt* 

Ann.  chim.  phys.  22  (1823),  113;  J.  fiir  Chem.  (Schweigger),  39 
(1823),  374;  M§m.  de  Tlnst.  Paris,  11  (1832),  13. 

1823:  23.    A.  C.  Bbcquebel.    Du  d^veloppement  de  r^lectricitt  par  le 

contact  de  deux  portions  d'un  m§me  m^tal^  daitB  un  6tat  suffisam- 

ment  in^gal  de  temperature.  Pt. 

Ann.  chim.  phys.  23  (1823),  135;  J.  fiir  Chem.  (Schweigger),  39 

(1823),  448;  44  (1825),  176. 

1824:  1.    Le  Baillif.     (Mittel  das  Palladium  von  der  Platina  zu  unter- 
Bcheiden.)     (By  iodin  and  cuprous  chlorid.)  Pt,  Pd. 

Ann.  de  I'lndustrie  Xation.  15  (1824);  J.  fiir  Chem.  (Schweigger), 
42  (1824),  120;  Polyt.  J.  (Dingl.),  13  (1824),  275;  BerzeUus  Jsh. 
5  (1826),  142. 

1824:  2.    A.  M.  del  Rio.    Analyse  d'un  alliage  d'or  avec  du  rhodium,  de 
la  Maison  du  Depart  (Apartado)  de  Mexico.  Bh. 

Sol,  Dec.  11,  1824;  Ann.  chim.  phys.  29  (1825),  137;  Amer.  J.  of 
Sci.  11  (1826),  298;  J.  fur  Chem.  (Schweigger),  47  (1826),  65; 
Ann.  der  Phys.  (Pogg.),  10  (1827),  322;  Arch,  fiir  Bergban 
(Karsten),  11  (1826),  386;  Ann.  of  PhiL  (Thomson),  10  (1825), 
251;  Ann.  des  Mines,  12  (1826),  323. 

1824:  3.    A.  Adie.    Hydro-pneumatic  lamp.    Description  of  lamp  de- 
vised by  Mr.  Adie  as  an  improvement  on  Garden's  lamp.  Pt 
Edin.  J.  Sci.  1  (1824),  144;  Ann.  der  Phys.  (Pogg.),  2  (1824),  333. 

1824:  4.     S.  P.  Dana.    Ignition  of  platinum  (by  vapor  of  alcohol  or 
ether).  Pt 

Amer.  J.  of  Sci.  8  (1824),  198;  J.  fiir  Chem.  43  (1825),  380. 

1824:  5.    J.  "W.  D6bebeineb.     Ueber  Wasserbildung,  und  iiber  den 
Einfiuss  der  Platina  auf  Hydrogen.  Pt. 

J.  fiir  Chem.  (Schweigger),  42  (1824),  60;  Ann.  of  PhiL  (Thom- 
son), 25  (1825),  213;  Phil.  Mag.  65  (1825),  150. 

1824:  6.    J.  W.  DO'bebeineb.    Das  Platin^  etc.,  als  Begiinstiger  der 
Gkisverbindung.  Pt 

Archiv  ges.  NaturL  2  (1824),  225. 
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1824:  7.    J.  W.  DObebeineb.    Ueber  Wasserbildung,  imd  iiber  den 

Einfluss  der  Platina  auf  Hydrogen.  Pt. 

J.  fur  Chem.  (Schweigger),  42  (1824),  60;  PhiL  Mag.  65  (1825),  150. 

1824:  8.    A.  Ftfe.    Description  of  a  hydro-pneumatic  lamp.  Pt. 

Edin.  PhiL  J.  11  (1824),  341;  Ann.  der  Phys.  (Pogg.),  2  (1824), 
329;  Polyt.  J.  (DingL),  15  (1824),  420;  BibL  Brit.  [2],  28  (1825), 
196. 

1824:  9.  L.  W.  Oilbebt.  Noch  einiges  von  llerrn  Dobereiner  aus 
England.    (Gliihlampchen.)  Pt. 

Ann.  der  Phys.  (Gilbert).  76  (1824),  102. 

1824:  10.  W.  Henbt.  On  the  action  of  finely  divided  platinum  on 
gaseous  mixtures,  and  its  application  to  their  analysis.  Pt. 

PhiL  Trans.  London,  14  (1824),  266;  Proc.  Roy.  See.  London,  2 
(1833),  216;  Amer.  J.  of  Sci.  12  (1827),  181;  Ann.  of  PhiL  (Thom- 
son), 25  (1825),  416;  PhiL  Mag.  65  (1825),  269;  Ann.  des  Mines 
[2],  1  (1827),  172;  Berzelius  Jsb.  6  (1827),  147. 

1824:  11.  K.  W.  G.  Kastneb.  Ueber  die  Imponderabilien,  Magnetis- 
mus,  Elektricitat,  Licht  und  Warme,  etc.  (Platinum  sponge  and 
hydrogen.)  Pt. 

Arch.  ges.  NaturL  1  (1824),  68;  2  (1824),  230. 

1824:  12.  6.  Osann.  Das  Platin,  etc.,  als  Begiinstiger  der  Gasverbind- 
ungen.  Pt. 

Arch.  ges.  NatnrL  2  (1824),  448. 

1824:  13.    P.  W.  Schmidt.    Ueber  die  Ziindapparate  nach  Dobereiner. 

J.  fiir  Chem.  (Schweigger),  42  (1824),  247.  R. 

1824:  14.     E.  Tubneb.    Experiments  on  the  application  of  Professor 

Dobereiner's  recent  discovery  to  eudiometry.     (Read  before  Roy. 

Soc.  Edin.)  Pt. 

Edin.  PhiL  J.  11   (1824),  99;  Ann.  der  Phys.   (Pogg.),  2  (1824), 

210. 

1824:  15.    .     Repetition    of    Dobereiner's    experiment«    by 

Children,  and  Daniel  and  Turner.  R. 

Edin.  PhiL  J.  21  (1824),  99;  J.  fur  Chem.  (Schweigger),  43  (1824), 
380  C'  ^rom  J.  of  Sci.  32,  374  "). 

1824:  16.  J.  W.  Dobebeineb.  Ueber  das  leichtfliissige  Metall  und 
eine  kaltmachende  Metallmischung.  (Warme-entwickelung  wenn 
Platin  und  Zink-Natrium  auf  einander  wirken.)  Pt. 

J.  fiir  Chem.  (Schweigger),  42  (1824),  182;  Arch.  ges.  NaturL  3 
(1824),  89;  Quart.  J.  ScL  19  (1825),  341. 
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1824:  17.  p.  p.  DiTLK.  Bemerkungen  iiber  MektromagnetiBinus- 
(Conductivity  of  platimun,  p.  36;  Action  on  needle,  p.  38.  From 
"  Ueber  MagnetifimuB,"  Ac,  Konigsberg,  1824).  Pt. 

Arch.  gea.  Natnrl.  1  (1824),  32. 

1826:  1.  A.  VON  Humboldt.  Vorkommen  der  Platina  nnd  dee  Palla- 
diuinfi  in  Brazilien.  Pt,  Pd. 

J.  fiir  Chexn.  (Schweifirger),  46  (1825),  54. 

1826:  2.    A.  Lauoieb.    Ezamen  du  platine  tronv6  en  Bussie.  Pt. 

Ann.  chim.  phys.  29  (1825),  289;  J.  fiir  Chem.  (Schweigger),  46 
(1826),  94;  PhiL  Mag.  66  (1825),  285;  Berzelius  Jsb.  6  (1827),  212; 
Ann.  des  Mines,  12  (1826),  324. 

1826:  3.    A.  Laugieb.    Examen  du  platine  trouy6  en  Sib^rie.  Pt. 

Ann.  Bci.  nat.  5  (1825),  333. 

1826:  4.    W.  C.  Zbibb.    En  ny  Forbindelse  af  Platinets  Porchlorid  be- 

handlet  med  Yiinaand.     (Compound  of  platinum  chlorid  with 

carbon  monozid.)  Pt. 

Afh.  Danske  Vid.  Selak.  3  (1828),  45;  Overs.  Danske  Vid.  Selsk. 

1825-26,  13;  Berzelius  Jsb.  7  (1828),  131;  Ann.  der  Phys.  (Pogg.),. 

g  (1827),  632;  Mag.  fur  Pharm.  20  (1827),  346. 

1826:  6.  J.  J.  Bbbzelius.  Om  Svafrelsalter.  ((Jompounds  of  plati- 
num sulfid  with  sulfids  of  carbon,  arsenic,  molybdenum,  tungsten 
and  tellurium.)  Pt. 

Kong.  Vet.  Acad.  HandL  1825,  232;  1826,  53;  Ann.  der  Phys. 
(Pogg.),  6  (1826),  453;  7  (1826),  150,  277;  8  (1826),  282,  419;  Ann. 
chim.  phys.  32  (1826),  60,  166,  265,  393;  Bnignatelli,  Giom.  9- 
(1826),  297,  435. 

1826:  7.    A.  Pleischl.    Ueber  Hydro jodsaure  als  Beagens  fiir  Platin. 

Pt. 
Arch.  ges.  Naturl.  5  (1825),  160;  J.  fiir  Chem.  (Schweigger),  43 
(1825),  385;  Ann.  des  Mines  [2],  1  (1827),  173. 

1825:  8.    A.  Pleischl.    Ueber  die  jodige  Saure.    (Beactions  with  plati- 
num and  palladium.)  Pt,  Pd. 
J.  fiir  Chem.  (Schweigger),  45   (1825),  1;  Arch.  ges.  Naturl.  6- 
(1825),  155. 

1826:  9.  G.  Bisohof.  Oxydation  des  Platins  durch  Schmelzen  des 
Aetzkalis.  Pt. 

J.  fiir  Chem.  (Schweigger),  45  (1825),  209. 

1826:  10.     C.    6.    Gmelin.    Ueber   die    Wirkung   dee  .  .  .  Osmiumg,. 

Platins,  Iridiums,  Bhodiums,  Palladiums  .  .  .  auf  den  thierischen 

Organismus.  Os,  Pt,  Ir,  Bh,  Pd. 

J.  fiir  Chem.  (Schweigger),  43  (1825),  110;  J.  chim.  m6d.  2  (1826)^ 

188;  3  (1827),  126,  388;  Edinb.  J.  Med.  Sci.  3  (1827),  324. 
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1825:  11.    T.  Gill.     On  a  suggestion  for  improving  Dr.  Fyfe's  Dober- 

einer's  lamp.  Pt* 

Techn.  Repository,  6  (1825),  297;  Polyt.  J.  (Dingl.),  16  (1825),  301. 

1825:  12.  G.  Bischof.  Der  .  . .  Dobereiner'sche  Versuch,  ein  ziemlich 
empfindliches  Beagens  anf  Platin.  Ft. 

J.  fiir  Chem.  (Schweigger),  45  (1825),  212. 

1825:  13.  H.  Davy.  On  the  safety  lamp  for  coal  miners,  with  some 
researches  on  flame.     (Aphlogistic  lamp.)  Pt. 

2iid  ed.  with  additions;  Ann.  of  PhiL  (Thomson),  25  (1825),  459. 

1825:  14.  H.  A.  voN  Vogel.  Ueber  eine  Feuererscheinnng  des  brannen 
Bleioxyds  bei  Beriihmng  mit  schweflichtsaurem  Gas.  (Bemerk- 
Tingen  liber  das  Dobereiner'sche  Feuerzeug,  &c.)  Pt. 

Arch.  ges.  NaturL  4  (1825),  434. 

1825:  16.    J.  F.  John.    Ueber  Dobereiner'sche  Platinfeuerzeuge.      Pt. 
Arch.  ges.  Naturl.  4  (1825),  491. 

1825:  16.    P.  P.  DuLK.   Etwas  iiber  das  Dobereiner'sche  Phanomen.  Pt. 
Arch.  ges.  NatnrL  6  (1825),  467. 

1825:  17.    .     (Agency  of  platinum  in  effecting  formation  of 

water.)  Pt. 

"  BnU.  des  Sci.  No.  12  ";  Phil.  Mag.  65  (1825),  158. 

1825:  18.    S.  Stbatingh.    Platine  spongieux  et  camphre.  Pt. 

J.  de  Pharm.  11  (1825),  195. 

1825:  19.  F.  Wohleb.  Ueber  die  Wirkung  des  Palladiums  auf  die 
Weingeist  Flamme.  Pd. 

Ann.  der  Phys.  (Pogg.),  3  (1825),  71;  Berzelius  Jsb.  5  (1825),  143; 
Mag.  liir  Pharm.  12  (1825),  282. 

1825:  20.    .    Discussions  on  disputed  inventions.     2.  Dan- 

ieirs  platina  pyrometer,  partly  anticipated  by  Mr.  Guyton.        Pt. 
Edin.  J.  of  Sci.  2  (1825),  147. 

1825:  21.    .    Mr.  Nicholas  Mill's  platina  pyrometer.        Pt. 

Edin.  J.  of  Sci.  2  (1825),  338. 

1825:  22.    .     (Platina  strings  for  musical  instniments.)    Pt. 

Nenes  Kunst  und  Gewerbeblatt.  (Apr.  1825);  Edin.  PhiL  J.  14 
(1826),  200.     (Also  Musical  Gazette,  Leipzig.) 

1826:  1.    A.  VON  Humboldt  (J.  B.  Boussingault).    Ueber  die  Provinz 

Antioquia  und  die  neu  entdeckte  Lagerstatte  der  Platina  auf 

Gangen.     (Also  platinum  in  the  Oural  mountains.)     (Letter  from 

Boussingault,  Ann.  der  Phys.  (Pogg.),  7  :  520.)  Pt,  Pd,  Ir,  Os,  Rh. 

Hcrtha,  7  (1826),  263;  Quart.  J.  of  Sci.  22  (1826),  225;  J.  de  Pharm. 

12  (1826),  434;  Ann.  chim.  phys.  32  (1826),  204;  Ann.  der  Phys. 
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(PoggrO*  7  (1826),  615;  J.  chim.  mM.  2  (1826),  397;  Edin.  J.  of 
Sci.  5  (1826),  323;  Amcr.  J.  of  Sci.  12  (1827),  384;  J.  fiir  Chem. 
(Schweigger),  47  (1826),  368;  PhU.  Mag.  68  (1826),  306;  BuL 
Univ.  Nov.  (1826);  Le  Globe,  Jy.  20  (1826);  Edin.  N.  Phil.  J.  2 
(1827),  197;  Ann.  des  Mines  [2],  1  (1827),  175,  178;  BerzeUus  Jab. 
7  (1828),  184;  Mag.  fur  Pharm.  16  (1826),  101,  353;  Ztsch.  fiir 
Min.  1826,  No.  12. 

1826:  2.    .    Platina  found  in  Russia.  Ft. 

Edin.  Phil.  J.  14  (1826),  173. 

1826:  3.  J.  Menge.  Geognostische  Nachrichten  aus  Sibirien;  Bemer- 
kungen  iiber  die  Gold-  und  Platina-Bergwerke  des  Ural-Gebirges. 

Pt. 
Leonhard,  Ztsch.  fiir  Min.  2  (1826),  245,  508;  Ann.  Sci.  Nat.  10 
(1827),  386;  Edinb.  N.  Phil.  J.  2  (1827),  199. 

1826:  4.  A.  Breithaupt.  Mineralogische  Untersuchung  des  russischen 
Platinsandes.  Pt,  Pd,  Ir,  Os,  Kh. 

Ann.  der  Phys.  (Pogg.),  8  (1826),  500;  Phil.  Mag.  [2],  3  (1828),  72; 
Edinb.  N.  Phil.  J.  3  (1827),  272;  Mag.  fur  Pharm.  20  (1827),  210; 
BerzeUus  Jsb.  7  (1828),  185;  Ann.  chim.  phys.  38  (1828),  443; 
J.  des  Mines  russes,  Aug.  (1827);  Ann.  des  Mines  [2],  3  (1828), 
283. 

1826:  5.  G.  Osann.  Untersuchung  der  russischen  Platina.  (Very  full 
study  of  the  ore;  contains  announcement  of  three  new  metals, 
ruthenium,  pluran,  and  polin,  13  :  287.  Pluran  was  perhaps 
ruthenium,  but  Osann's  ruthenium  and  polin  were  errors.    Glaus.) 

Pt,  Pd,  Ir,  Os,  Rh,  [Ru,  Po,  Plu]. 
Ann.  der  Phys.  (Pogg.),  8  (1826),  505;  11  (1827),  311;  13  (1828),  283; 
14  (1828),  329;  Arch.  ges.Naturl.  16  (1829),  129;  Edinb.  New  Phil. 
J.  3  (1827),  276;  Quart.  J.  of  Sci.  26  (1828),  438;  PWl.  Mag.  [2], 
2  (1827),  391;  Heusman  Repert.  de  Chim.  Sept.  (1827);  J.  chim. 
mM.  4  (1828),  554;  BuU.  math.  chim.  (F^russac),  Sept.  (1828); 
Mag.  fur  Pharm.  20  (1827),  346;  24  (1828),  185;  Amer.  J.  of  Sci. 
16  (1829),  384;  BerzeUus  Jsb.  7  (1828),  185;  8  (1829),  206. 

1826:  6.    T.  Thomson.    Analysis  of  the  ore  of  iridium.     (Attempt  to 

determine  atomic  weights.)  Ir,  Bh. 

Ann.  of  Phil.  (Thomson),  2  (1826),  17;  Mag.  fur  Pharm.  16  (1826), 

353;  J.  fiir  Chem.  (Schweigger),  47  (1826),  55;  Polyt.  J.  (IHngl.), 

16  (1826),  111;  Ann.  des  Mines,  12  (1826),  326;  BerzeUus  Jsb.  7 

(1828),  183. 

1826:  7.    A.  J.  Balard.    Memoire  sur  une  substance  particuliferement 
contenue  dans  I'eau  de  la  mer  (le  brome).     (Compound  of  plati- 
num and  bromin,  p.  362.)  Pt. 
Ann.  chim.  phys.  32  (1826),  337;  Ann.  der  Phys.  (Pogg.),  8  (1826), 
333;  J.. fiir  Chem.   (Schweigger),  48  (1826),  87;  Ann.  of  PhiL 
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(Thomaon),  28  (1826),  416;  J.  de  Phann.  12  (1826),  517;  N.  J. 
der  Pharm.  (Trommsd.),  14  (1827),  80. 

1826:  8.     G.   Forchhammeb.     Bemaerkninger   over   et   nyt   chemisk 

Provemiddel     paa     Platin,     det     salpetersure     Quiksolvforilte. 

(HgNO,.)  Pt. 

Overs.  Danske  Vid.  Selsk.  1826-27,  8;  J.  fiir  Chem.  (Schweigsr^r), 

52  (1828),  3;  Mag.  fiir  Pharm.  24  (1828),  393. 

1826:  9.  H.  B.  Miller.  On  the  oxidation  of  palladium  during  its 
effecting  the  union  of  the  hydrogen  and  oxygen  gases  from  ether, 
alcohol,  etc.  Pd. 

Ann.  of  Phil.  (Thomson),  28  (1826),  20. 

1826:  10.    J.  W.  D6*BEREINER.     Neue  Bereitung  des  Platinsuboxyds, 

hochst  diinner  Platiniiberzug  statt  Platinschwamm;  Gebrauch  des 

Essiglampchens  und  Bereitung  der  Essigsaure  im  Grossen  mit- 

telst  des  Platinsuboxyds.  Pt. 

Arch.  ges.  NaturL  9  (1826),  341;  Mag.  fiir  Pharm.  18  (1827),  342. 

1826:  11.    .     Observations  on  alloys  or  mixtures  of  metals. 

(Alloys  of  platinum  metals  with  copper,  molybdenum,  bismuth, 
gold,  tin,  iron,  and  arsenic  are  mentioned.)  Pt,  Pd,  Eh,  Ir. 

Franklin  Jour.  1  (1826),  316;  from  Dicti6nnaire  Technologique; 
from  Th^nard,  Chimie  El^mentaire. 

1826:  12.  W.  Nassb.  Versuche  mit  einigen  Metallen  ...  in  Porzel- 
lanfeuer.     (Unschmelzbarkeit  des  Platins.)  Pt. 

J.  fiir  Chem.  (Schweigger),  46  (1826),  80. 

1826:  13.     J.    W.    Dobereiner.      Platinschwammbereitimg   und    Ge- 
brauch. Pt. 
J.  fiir.  Chem.   (Schweigger),  47    (1826),   il9;  PhiL   Mag.    [2],   2 
(1827),  388;  Heusman  Rep.  de  Chim.;  Berzelius  Jsb.  7  (1828),  130. 

1826:  14.  H.  B.  Miller.  Addition  to  the  list  of  substances  that  cause 
a  coil  of  platinum  wire  to  continue  in  a  state  of  incandescence, 
etc.  Pt. 

Ann.  of  Phil.  (Thomson),  28  (1826),  21. 

1826:  15.    J.   J.    Berzelius.     Ueber   die   Bestimmung   der   relativen 
Anzahl  von  einfachen  Atomen  in  chemischen  Verbindungen. 
Ann.  der  Phys.  (Pogg.),  8  (1826),  178.  Pt,  Pd,  Ir,  Eh,  Os. 

1826:  16.     S.  Marianini.     Experiences  pour  determiner  la  force  elec- 

tromotrice  relative  des  conducteurs  de  la  meme  classe.  Pt. 

Ann.  chim.  phys.  33  (1826),  14;  from  Saggio  di  esperienze  elec- 

tromotriche  &c.  Venezia,  1825;  J.  fiir  Chem.  (Schweigger),  47 

(1827),  47. 
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1827:  1.    N.  Mamtscheff.    Beschreibung  der  Entdeckimg  der  Platina 

in  Siberien.  Pt. 

ZtBch.  fxir  Min.  (Leonhard),  1827,  265;  Berzelius  Jsb.  8  (1829),  202. 

1827:  2.    A.   T.  Kupffeb.    Ueber  das   Vorkommen   des  Platins   in 
Sibirien.  PL 

Arch.  gea.  NaturL  12  (1827),  236. 

1827:  3.    «-.     Sur  le  min^rai  de  platine  de  Sibfirie.  Pt 

J.  des  Mines  ruas.  Aug.  (1827);  Ann.  des  Mines  [2],  3  (1828),  284. 

1827:  4.    .     (Platiimm  mines  of  the  Ural  mts.)  R. 

Bui.  Univ.  Sept.  1827;  Amer.  J.  of  ScL  14  (1828),  204. 

1827:  5:     A.  yon  Humboldt.     GroBse  der  Komer  von  gediegenem 

Platin.  R, 

Ann.  der  Phys.  (Pogg.),  10  (1827),  487;  Ann.  chim.  phys.  37  (182S), 

222;  Amer.  J.  of  Sci.  16  (1820),  389;  Bull.  math.  chim.  (F€ras- 

sac),  Nov.  (1828);  Berzelius  Jsb.  8  (1829),  203;  Mag.  fiir  Fharm. 

28  (1829),  129. 

1827:  6.    Abkhipoff.    Nouveau  moyen  d'extraire  Tor  du  min6rai  de 
platine.  Pt. 

J.  des  Mines  russ.  ;  Ann.  des  Mines  [2],  1  (1827),  174. 

1827:  7.    .     Tafel    der    Atomengewichte    der    einfachen 

Korper  nnd  deren  Oxyde.    (Atomic  weights.)  Pt,  Pd,  Bh. 

Ann.  der  Phys.  (Pogg.),  10  (1827),  340. 

1827:  8.    G.  Osann.    Merkwiirdiges  Verhaltniss  des  Eigengewichts  pid- 
verisirter  Korper  zu  ihren  Atomengewichten.  Pt. 

Arch.  ges.  Naturl.  12  (1827),  487. 

1827:  9.    J.  B.  van  Mons.     Salzsanres  Platin.     (Verfliichtigung  eincs 
weisses  Precipitate  mit  Chlorplatin.)  Pt. 

Arch.  ges.  Naturl.  10  (1827),  59. 

1827:  10.    P.  A.  von  Bonsdobff.    Extrait  d'une  lettre  k  M.    Gay- 

Lnssac.     (Combination  of  chlorplatinic  acid  with  copper,  zinc, 

manganese,  iron,  etc.,  chlorids.)  Pt. 

Ann.  chim.  phys.  34  (1827),  145;  J.  fiir  Chem.  (Schweigger),  49 

(1827),  324. 

1827:  11.    .    (Note  on  double  chlorids  of  platinum  and  pal- 
ladium.) Pt,Pd. 
Ann.  der  Phys.  (Pogg.),  11  (1827),  124. 

1827:  12.    N".  W.  Fischeb.     Zur  Geschichte  des  Arseniks.     (Baucben 
des  mit  Platin  iiberzogenen  Arseniks  nach  Erhitzen,  p.  228.)     Pt. 
Arch.  ges.  Naturl.  11  (1827),  224. 
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1827:  12a.    E.  Mitscherlich.    Ueber  eine  neue  Oxydationsstiife  des 

Selena.     (Einwirkung  der  Selensaure  aiif  Platin,  p^  630.)        Pt. 

Ann.  der  Phys.  (Pogg.),  9  (1827),  623;  Ann.  chim.  phys.  36  (1827)^ 

100;  Edinb.  J.  of  Sci.  8  (1828),  204;  Quart  J.  of  Sci.  2  (1827), 

471. 

1827:  13.    N.  W.  Fischer.    Zut  Qeschichte  dea  PaUadiums.  (Verhalten 

zu  den  Sanren^  p.  192;  zu  Beagentien,  197;  Doppelsalze,  200.)  Pd. 

.     J.  fiir  Chem.  (Schweigger),  51  (1827),  192;  PhU.  Hag.  [2],  4  (1828), 

230;  Heusman  Bep.  de  Chim.  Feb.  (1828);  Ann.  des  Mines  [2],  5 

(1829),  168;  Berzelius  Jsb.  8  (1829),  183. 

1827:  14.  K  W.  Fischer.  Beitrage  zur  Kenntniss  der  Erzmetalle. 
(Properties  of  platinum  and  palladium,  p.  227.)  Pt,  Pd. 

Arch.  ges.  Naturl.  13  (1828),  223;  from  Bui.  d.  nat.  wiss.  Sect, 
d.  Schlesischen  GeseU.  fur  Vaterland.  Cultur,  1827. 

1827:  15.  N.  W.  Fischer.  Metallreduetion  auf  nassem  Wege,  durch 
andere  Metalle.  (Palladium,  9  :  256  and  10  :  607.  Osmium, 
12  :  499.    Platinum,  palladium  and  osmium,  12  :  504.) 

Pt,  Pd,  Os. 

Ann.  der  Phys.  (Pogg.),  9  (1827),  256;  10  (1827),  607;  12  (1828),  499, 
504;  J.  de  Pharm.  16  (1830),  133. 

1827:  16.    M.  J.  Eichpeld.    Eine  Erfindung  das  Platin  zu  schmelzen. 

Pt. 
Journal  d'Odessa;,  1827,  63;  Bui.  d.  Sci.  tech.  (1828),  280;  J.  techn. 
Chem.  2  (1828),  402;  Polyt.  J.  (Dingier),  28  (1828),  477;  J.  Frank. 
Inst.  [2],  2  (1828),  249;  Berzelius  Jsb.  9  (1830),  106. 

1827:  17.    K.  W.  G.  Kastner.    Durchscheinbarkeit  des  Platins.     Pt. 
Arch.  ges.  Naturl.  10  (1827),  490  (foot-note). 

1827:  18.    T.  Cooper.    Experiments  and  observations  on  some  alloys  of 
platinum.    (Alloys;  speculum  metal  containing  platinum.)      R. 
FrankUn  Joum.  3  (1827),  198;  Techn.  Bepository,  1  (1827),  13;  J. 
techn.  Chem.  1  (1828),  350;  Polyt.  J.  (Dingier),  25  (1827),  401. 

1827:  19.    .    (Notes  on  alloys  of  gold,  palladium  and  rho- 
dium.) Pd,  Rh. 
Ann.  der  Phys.  (Pogg.),  10  (1827),  321. 

1827:  20.     [J.  B.]  Breant.    (Siphon  of  platinum.)  Pt. 

J.  de  Pharm.  June,  1827;  J.  fiir  Chem.  (Schweigger),  50  (1827), 
383. 

1827:  21.  C.  Despretz.  Sur  la  conductibilit*  des  principaux  metaux 
et  de  quelques  substances  terreuses.     (Conductivity  of  platinum.) 

Pt. 
Ann.  chim.  phys.  36  (1827),  422;  Ann.  der  Phys.  (Pogg.),  12  (1828), 
282;  Quart.  J.  of  Sci.  1  (1828),  220. 
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1828:  18.     0.  L.  Ebdmann.    Ueber  Dobereiner's  Baucherlampchen  und 
das  Platiniren  des  Glased.  Ft. 

J.  techn.  Chem.  3  (1828),  305. 

1828:  19.    0.  L.  Ebdmann.    Seebeck's  Friifung  der  Platina  anf  ihie 
Reinheit  diirch  Thermomagnetisiniis.    .  Ft 

J.  techn.  Ch^m.  2  (1828),  89. 

1828:  20.    J.  Zubeb.     (Flatininmg.)  Ft 

BuL  Soc.  Indust.  Mulhouse,  4,     ;  J.  techn.  Chem.  2  (1828),  527. 

1828:  21.    Labonte  and  Depuis.    (Verfahren  Kupfer  mit  Flatma  zn 

plaquiren.)  Ft. 

Descr.  d.  machines  dans  les  brevets,  par  Christian,  1828,  523; 

Kep.  of  Pat.  Inventions,  June,  1828,  580;  Polyt.  J.  (Ding^ler),  32 

(1829),  129;  J.  Frank.  Inst.  [2],  6  (1830),  176. 

1828:  22.    J.   S.   C.   Schweiooeb.    Ueber  ITobili's  elektrochemischen 
Figuren.    (Flatinum  plating  on  glass.)  Ft 

J.  fiir  Chem.  (Schweigger),  54  (1828),  59. 

1828:  23.    J.  F.  J.  lyAncET.    Ueber  die  Scheidung  des  Goldes  nnd 

Silbers  vom  Kupfer  mittelst  Schwefelsaure.     (Use  of  platinum 

vessels.)  Pt 

Recueil   Industrie!,    Dec.   1828;   from   M^moire  on  Instructions 

relative  to  the  Art  of  BeAning,  Paris,  1828  (or  1827?);  J.  techn. 

Chem.  4  (1829),  424;  Polyt.  J.  (Dingier),  31  (1828),  281;  Bibl. 

Univ.  Apr.  1829;  Amer.  J.  of  Sci.  17  (1830),  179. 

1828:  24.    K.  W.  G.  Kastneb.    Giite  und  Freis  des  Niimberger  Blatt- 
und  Maler-Flatin.  Ft. 

Arch.  ges.  Naturl.  14  (1828),  162. 

1828:  25.    N.  W.  Fischeb.     Zur  Geschichte  des  Flatins.     (Warmelei- 

tung  des  Flatins,  also  chlorids  of  ammonium  and  platinum.)     Ft 

Arch.  ges.  Naturl.  14  (1828),  145;  J.  techn.  Chem.  3  (1828),  263: 

Quart.  J.  of  Sci.  5  (1829),  193;  BerzeUns  Jsb.  9  (1830),  109,  U3, 

161;  Mag.  fiir  Pharm.  24  (1828),  347. 

1828:  26.    L.  Sohwabtz.    Sur  la  mesure  des  hautes  temperature    Ft. 
Bui.  Soc.  Indust.  Mulhouse,  1  (1828),  22;  J.  techn.  Chem.  2  (1828), 
341. 

1828:  27.     C.  H.  Ffaff.    Ueber  die  sogenannte  elektrische  Ladung  der 
Metalle  im  Kreise  der  voltaisehen  Saule.     (No  change  in  plati- 
num wire.)  Ft- 
J.  fiir  Chem.  (Schweigger),  53  (1828),  401. 

1828:  28.    Dublanc.     (Flatinum  chlorid  test  for  iodin.)  Pt 

Berzelius  Jsb.  7  (1828),  148. 
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1829:  1.    A.  T.  Kupffeb.    Versuch  einer  geognoetischen  Schildenmg 
des  Urals.     (Occurrence  of  platinum,  p.  283.)  Pt. 

Ann.  der  Phys.  (Pogg.),  16  (1829),  260, 

1829:  2.    .    Platingewinnung  am  Ural  (Ausbeute).         Pt. 

Ann.  der  Phys.  (Pogg.),  15  (1829),  52;  J.  techn.  Chem.  5  (1829), 
.    104. 

1829:  3.    .     (Platinum  in  Ural  mts.)  Pt. 

"From  a  Prussian  Journal";  Amer.  J.  of  Sci.  18   (1830),  190: 
Phil.  Mag.  [2],  7  (1830),  59;  Bibl.  Univ.  July,  1829  [1830?]. 

1829:  4.     J.   C.  L.  Zincken.     Ueber  das  Palladium  im  Herzogthum 

Anhalt-Bernburg.  Pd. 

Ann.  der  Phys.  (Pogg.),  16  (1829),  491;  J.  techn.  Chem.  6  (1829), 

235;  J.   fur  Chem.    (Schweigger),   56    (1825),   487;   Ann.  chim. 

phys.  44  (1830),  206;  Ann.  des  Mines  [3],  1  (1832),  447;  Berzelius 

Jsb.  10  (1831),  167;  11  (1832),  202. 

1829:  5.     Benecke  and  Bienecker.     Ueber  das  Selen-Palladium  bei 
Tilkerode  im  Harze.     (Arbeit.)  Pd. 

1829:  6.      6.    Osann.      Berichtigung,   meine   Analyse   des   urarschen 
Platins  betreffend.     (No  new  metal  present.) 

[Ru,  Po,  Plu,]  Pt,  Pd,  Ir,  Os,  Eh. 
Ann.  der  Phys.    (Pogg.),   15    (1829),   158;  Arch.   ges.   Naturl.   16 
(1829),  129;  Mag.  fur  Pharm.  26  (1829).  294. 

1829:  7.    W.  H.  Wollaston.     Sur  la  preparation  du  palladium.      Pd. 

Ann.  chim.  phys.  41  (1829),  413. 

1829:  8.    W.  H.  Wollaston.    Sur  la  preparation  de  Tosmium.        Os. 

Ann.  chim.  phys.  41  (1829),  414. 

1829:  9.    J.  J.  Berzelius.    Einige  naehtragliche  Bemerkungen  liber 
das  Iridium  imd  das  Osmium.    (Continued  from  1828  :  9.)  Ir,  Os. 
Ann.   der  Phys.    (Pogg.),   15    (1829),   208;   Ann.   chim.   phys.   42 
(1829),  185;  Ann.  des  Mines  [3],  1  (1832),  144. 

1829:  10.    W.  C.  Zeise.     Om  Platin  chloridet.    Havniae  (Copenhagen), 
1830.  Pt. 

Oversigt.  Danske  Vid.  Sels.  1829-30,  21;  Afhandl.  Danske  Vid.  Sels. 
5  (1832),  55. 

1829:  11.     [E.]  Davy.    Fulminic  acid.  Pt. 

Roy.  Soc.  Dublin,  1829;  Berzelius  Jsb.  12  (1833),  95,  121;  Pharm. 
Centrbl.  1835,  8. 

1829:  12.    J.  J.  Berzelius.    Eine  besondere  Art  von  Platinsalzen.  (Or- 
ganic platinum  compound,  probably  "  Acechlorplatin  "  of  Zeise.) 

Pt. 
Berzelius  Jsb.  9  (1830),  162;  Ann.  der  Phys.  (Pogg.),  16  (1829),  82; 
Mag.  fiir  Pharm.  28  (1829),  316. 
4 
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1829:  13.  J.  L.  Lassaione.  Snr  les  combinaifions  de  Tiode  avec  le 
manganese,  le  fer,  et  le  platine.  Pt. 

J.  chim.  m§d.  5  (1829),  330;  Ann.  des  Mines  [3],  1  (1832),  114; 
Berzelius  Jsb.  10  (1831),  162. 

1829:  14.  K.  W.  G.  Kastner.  UnerwarteteB  Eeduction  der  aufgelostea 
Platinoxyds,  diirch  Aether.  R. 

Arch.  ges.  NaturL  18  (1829),  388. 

1829:  15.    L.  H.  Zbnneck.    Ueber  das  pneumatische  Verhalten  einiger 

Metalle  zur  Salzsaure.    (Platinum  in  hydrochloric  acid,  p.  101.) 

(Platinum  foil  helps  solution  of  metals  in  hydrochloric  acid,  p. 

108.)  Pt 

Arch.  ges.  Naturl.  17  (1829),  92. 

1829:  16.    W.  A.  Lampadius.    Einige  neue  Erfahrungen  iiber  das  Ver- 
halten des  Silbers  gegen  Platin.     (Alloy  and  separation.)  Pt. 
J.  techn.  Chem.  4  (1829),  279;  Ann.  des  Mines  [3],  1  (1832),  412. 

1829:  17.  W.  A.  Lampadius.  Zeriegung  der  Iridchloride  durch  Plat- 
inmetalle.     (Also  iridium  alloys  and  separation.)  Pt,  Ir. 

J.  techn.  Chem.  6  (1829),  453;  11  (1831),  1;  Ann.  des  Mines  [3],  1 
(1832),  412. 

1829:  18.     N.    W.    Fischer.     Ueber   Metallsuperoxyde.      (Palladiuii> 

superoxyd,  p.  218.)  Pd. 

Arch.  ges.  NaturL  16  (1829),  214;  Mag.  fur  Pharm.  28  (1829),  317. 

1829:  19.  N.  W.  Fischer.  Ueber  die  Wiederherstellung  der  Metalle 
durch  Stickstoflf.  (Reduction  of  palladium  on  evaporation  by  the 
nitrogen  of  the  air;  also  observations  (p.  459)  by  Kastner.)  Pt,  Pd. 

Arch.  ges.  NaturL  18  (1829),  105,  457;  Ann.  der  Phys.  (Pogg.).  17 
(1829),  137,  479;  Amer.  J.  of  Sci.  19  (1831),  371. 

1829:  20.  W.  H.  Wollaston.  On  a  method  of  rendering  platina  mal- 
leable. (Bakerian  Lecture,  1828.)  (Also  palladium,  and  the 
obtaining  of  the  oxid  of  osmium  in  a  crystalline  state.) 

Pt,Ir,08,Pd. 

Phil.  Trans.  London,  119  (1829),  1;  Proc.  Roy.  Soc.  London,  2 
(1833),  352;  Ann.  chim.  phys.  41  (1829),  403;  J.  techn.  Chem.  5 
(1829),  235;  6,  221;  Ann.  der  Phys.  (Pogg.),  15  (1829),  299;  1^ 
158;  J.  fxir  Chem.  (Schweigger),  55  (1829),  376;  56,  253;  57,  69; 
Phil.  Mag.  [2],  5  (1829),  65;  6,  1;  Polyt.  J.  (Dingier),  31  (1829),. 
76;  32,  149;  34,  1;  Quart.  J.  of  Sci.  6  (1829),  97;  J.  Frank.  InsU 
[2],  4  (1829),  226;  Bibl.  Univ.  41  (1829),  128;  Mech.  Mag.  27^ 
(1828),  319;  Arch.  ges.  Naturl.  17  (1829),  113;  Berzelius  Jsb.  ^ 
(1830),  107;  Mag.  fur  Pharm.  28  (1829),  314. 
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1829:  21.  J.  N.  Planiaya.  Bereitting  einee  Idcht  ziindenden  Platin- 
Bchwammes.  Pt. 

Ztsch.  flir  Phys.  (Baumgartner),  5  (1829),  9;  J.  techn.  Chem.  4 
(1829),  121. 

1829:  22.    J.  yon  Liebig.     Sur  le  pr6cipit6  noir  de  platine  de  M.  Ed- 

mmid  Davy^  et  but  la  propri6t6  de  l'6ponge  de  platine  d'enflanmier 

ITiydrog^ne.  R., 

Ann.  chim.  phys.  42  (1829),  316;  Amer.  J.  of  Sd.  18  (1830),  398; 

Ann.  der  Phys.  (Pogg.),  17  (1829),  101;  J.  techn.  Chem.  6  (1829), 

467;  J.  Frank.  Inst.  [2],  6  (1830),  269. 

1829:  23.  P.  WOhleb.  Increased  combustibility  of  carbon  by  plati- 
nmn.  Pt. 

Quart.  J.  of  Sd.  6  (1829),  178;  Phil.  Mag.  [2],  6  (1829),  394. 

1829:  24.  J.  W.  D^bebeinbb.  Zut  weiteren  Kenntniss  der  chemischen 
Dynamik  des  Platins^  etc.  (Platiniren  des  Glases.)  (Qnantita- 
tiYe  Bestimmiing  des  Alkohols  mittelst  Platinsubozydul.)        Pt. 

Arch.  ges.  Natnrl.  16  (1829),  111;  J.  techn.  Chem.  4  (1829),  496;  5 
(1829),  103;  Berzelius  Jab.  10  (1831),  111. 

1829:  25.  T.  Obahaic.  On  the  application  of  spongy  platinum  to 
eudiometry.  Pt. 

Quart.  J.  Sci.  2  (1829),  354;  J.  techn.  Chem.  8  (1830),  20;  BibL 
Brit.  [2],  43  (1830),  387. 

1829:  26.  A.  C.  Becquebel.  De  pouvoir  thermo-^lectriqne  des  m6taux. 
(Copper-platiniun  and  iron-platinnm  couples.)  Pt. 

Ann.  chim.  phys.  41  (1829),  353;  M6m.  dh  llnst.  Paris,  10  (1831), 
237;  Ann.  der  Phys.  (Pogg.),  16  (1829),  306;  17,  535;  J.  ffir  Chem. 
(Schweigger),  57  (1829),  302. 

1829:  27.  C.  Despbetz.  Obserrations  sur  les  modifications  que  subis- 
sent  les  m^tauz  dans  lenrs  propri6tds  physiques,  par  I'action  com- 
bin£e  du  gaz  ammoniacal  et  de  la  ch^eur.  (No  change  in  plati- 
num, p.  129.)  Pt. 

Ann.  chim.  phys.  42  (1829),  122;  Ann.  der  Phys.  (Pogg.),  17  (1829), 
296;  J.  flir  Chem.  (Schweigger),  58  (1830),  226;  Quart.  J.  of  8ci. 
1  (1830),  201. 

1830:  1.  M.  YON  Ekgelhardt.  Die  Lagerstatte  der  Diamanten  im 
Ural-Gebirge.    Higa,  1830.    (Occurrence  of  platinum.)  Pt. 

Arch.  ges.  Naturl.  21  (1831),  160. 

1830:  2.  M.  yon  Enoelhabdt.  Yorkonimen  des  Platins  in  dem 
Porphyr.  Pt. 

Ann.  der  Phys.  (Pogg.),  20  (1830),  532. 
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1830:  3.  C.  M.  Mabx.  Ueber  die  von  Stmve'sche  Mineralien-fiamm- 
lirng.     (Description  of  platinum  and  iridosmium.)  Pt,  Os,  Ir. 

Arch.  ges.  NaturL  19  (1830),  370. 

1830:  4,    A.  von  Humboldt.     (Platin-Ausbeute.)  R. 

Ann.  der  Phys.  (Pogg.),  18  (1830),  273;  Arch.  ges.  NaturL  21  (1831), 
161. 

1830:  5.  QuESNEViLLE,  FIL8.  Une  methode  pour  separer  I'osminm  et 
Tiridinm  de  la  mine  de  platine.  (Read  at  Soc.  de  Pharm.,  Aug. 
11,  1830.)  Pt,Ir,Os. 

J.  chim.  m^.  6  (1830),  668;  J.  de  Pharm.  16  (1830),  557;  Polyt.  J. 
(Dingier),  40  (1831),  73;  Berzelius  Jsb.  11  (1832),  144. 

1830:  6.    J.  J.  Bebzelius.    Oxyde  des  Platins.  R. 

'Berzelius  Jsb.  9  (1830),  110. 

1830:  7.  J.  VON  Liebig.  Neue  Erfahnmgen  iiber  J.  [IE.]  Davy's 
sogenanntes  salpetrichtsaures  Platinoxyd  oder  Dobereiners 
Platinsuboxyd.  R. 

Mag.  fiir  Pharm.  29  (1830),  101. 

1830:  8.  L.  Ht^NEFELD.  Ueber  zwei  neue  Doppelsalze  aus  Chlor,  Zink 
und  Platin.     (Zinc  platino-  and  platini-chlorid.)  R. 

J.  fiir  Chem.  (Schweigger),  60  (1830),  197;  Arch,  ges  NaturL  21 
(1831),  471;  Berzelius  Jsb.  11  (1832),  191. 

1830:  9.  N.  W.  Fischeb.  Bemerknngen  iiber  die  Platinmetalle. 
(Phosphorsanrea  Rhodinmoxyd  u.  s.  w.)  Pt,  Pd,  Os,  Ir,  Bh. 

J.  fiir  Chem.  (Schweigger),  18  (1830),  256;  BerzeUus  Jsb.  11  (1832), 
143;  Mag.  fur  Pharm.  32  (1830),  314. 

1830:  9a.    .     Seleniuret  of  palladium.  Pd. 

Edinb.  J.  of  Sci.  [2],  3  (1830),  358. 

1830:  10.    G.  F.  Wach.    Ueber  das  Pbanomen^  welches  Ton  Dutrochet 

mit  dem  Ausdrucke  Endosmose  und  Exosmose  bezeichnet  wnrde, 

und  daran  sich  reihende  Beobachtungen  iiber  Metallvegetationen. 

("  Platinvegetation.'')  Pt 

J.  fur  Chem.  (Schweigger),  58  (1830),  60. 

1830:  11.    G.  OsANN.    (Specific  gravity  of  platinum,  etc.)  Pt. 

Arch.  Chem.  (Eastner),  1  (1830),  58;  Pharm.  Centrbl.  1831,  291. 

1830:  12.  K.  W.  G.  Kastneb.  Vervollkommnung  des  Platin- 
Bchwamms.  Pt 

Arch.  ges.  Naturl.  20  (1830),  425;  Pharm.  Centrbl.  1831,  275. 


BIBLIOGRAPHY   OF  METALS   OF  THE   PLATINUM   GBOUP  63 

1830:  13.  M.  Fabaday.  On  the  manufacture  of  glass  for  optical  pur- 
poses (Bakerian  Lecture,  1829).  (Use  of  platinum  for  vessels,  p. 
16;  preparation  of  spongy  platinum,  p.  66.)  Pt. 

Phil.  Trans.  London,  120  (1830),  1;  Proc.  Roy.  Soc.  London,  2 
(1833),  388;  Ann.  der  Phys.  (Pogg.),  18  (1830),  556,  677;  J.  techn. 
Chem.  9  (1830),  113;  Ann.  chim.  phys.  45  (1830),  225;  Froriep, 
Notizen,  27  (1830),  116. 

1830:  14.    W.  A.  Lampadius,    Einf aches  Verfahren  Kupfer  und  Mes- 
sing mit  Silber  und  Platin  zu  bedecken,  Pt. 
J.  techn.  Chem.  8  (1830),  52. 

1830:  15.  J.  F.  Daniell.  On  certain  phenomena  resulting  from  the 
action  of  mercury  upon  different  metals.    (Mercury  on  platinum.) 

R. 
J.  Roy.  Institution,  1  (1831),  1;  Ann.  der  Phys.  (Pogg.),  20  (1830), 
260;  Bibl.  Brit.  [2],  46  (1831),  32. 

1830:  16.    F.  Oobel.    Magnetische  Reaction  des  Platins.  Pt. 

J.  fiir  Chem.  (Schweigger),  60  (1830),  415;  Edinb.  N.  PhiL  J.  11 
(1831),  388. 

1830:  17.    .    (Imitation  of  platinum  by  copper  zinc  alloy.) 

Becueil  Indust.  Apr.  1830;  Amer.  J^of  Sci.  22  (1832),  383.  Pt. 

1830:  18.    W.  E.  Webeb.    Ueber  die  specifische  Warme  fester  Korper, 

insbesondere  der  Metalle.  Pt. 

Ann.  der  Phys.  (Pogg.),  20  (1830),  178;  Bcrzelius  Jsb.  11  (1832),  13. 

1830:  19.    N.  W.  Fischeb.    Zur  Warmelehre,  besonders  in  Hinsicht  auf 

das  Leitungsvermogen  des  Platins.  Pt. 

Ann.  der  Phys.  (Pogg.),  19  (1830),  507;  BcrzeUus  Jsb.  11  (1832),  13. 

1831:  1.    .     On  the  gold,  silver,  and  platina  of  Russia.    Pt. 

Featherstonehaugh's  Amer.  J.  of  Geol.  Sept.  1831;  Edinb.  N.  Phil. 
J.  13  (1832),  189. 

1831:  2.  J.  N.  Fuchs.  Platingeschiebe  von  ausserordentlicher  Grosse 
von  Nische  Tagilsk.  Pt. 

J.  fiir  Chem.  (Schweigger),  62  (1831),  94. 

1831:3.    .    Verkauf  von  Osmium  Iridium.   (Price.)   Os,  Ir. 

J.  techn.  Chem.  10  (1831),  144. 

1831:  4.    W.  C.  Zeise.    Von  der  Wirkung  zwischen  Platinchlorid  und 

Alkohol,  und  von  den  dabei  entstehenden  neuen  Substanzen.    Pt. 

Ann.  der  Phys.  (Pogg.),  21  (1831),  497;  J.  fiir  Chem.  (Schweigger), 

62  (1831),  393;  63,  121;  Mag.  fiir  Pharm.  35  (1831),  105;  Pharm. 

Centrbl.  2  (1831),  677,  693;  BerzeHus  Jsb.  12  (1833),  300;  Mag. 

fiir  Pharm.  36  (1831),  104. 
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1831:  5.    W.    C.    Zeise.     Kulbrintet    Chlorplatin-ammoniak    [1831]. 

(GtekohlenwasserstofiEtes  Ghlorplatm-Ammomak.)  Ft 

Afhandl.  Danske  Vid.  Sels.  5  (1832),  141;  Oyeisigt.  Danske  Vid. 

SelB.  1830-31,  24;  J.  fiir  Chem.   (Schwei^ger),  63   (1831),  136; 

Ann.  der  Phya.   (Poggr.).  21   (1831),  542;  Edinb.  J.  of  S<a.  6 

(1832),  328;  BerzeUns  Jab.  12  (1833),  300. 

1831:  6.    A.  CoNNELL.    On  the  acidification  of  iodine  by  means  of 
nitric  acid.    (Iodic  acid  has  no  action  on  platinum.)  Ft. 

Edinb.  N.  PhU.  J.  11  (1831),  72;  J.  fiir  Chem.  (Schwei^ger),  62 
(1831),  495;  Amer.  J.  of  Sci.  21  (1832),  376. 

1831:  7.    A.  C.  Beoquebel.    Du  carbonate  de  chanx  criBtallis^,  et  de 

Taction  simultanie  des  matiires  sucries  ou  mucilaginenses  sur 

qnelques  oxides  mitalliques,  par  Tinterm^diaire  des  aJcalis  et  des 

terres.    (Action  on  ozid  of  platinum.)  Ft 

Ann.  chim.  phys.  47  (1831),  5;  J.  chim.  m6d.  7  (1831),  297;  Fharm. 

Centrbl.  1831,  415. 

1831:  8.    J.    W.    DoBEBEiNEB.    Zersetznng    des    Platinchlorids    Ton 
Oxalsaure  und  oxalsauren  Salzen  am  Sozmenlicht.  Ft. 

J.  fiir  Chem.  (Schweigger),  62  (1831),  94;  Pharm.  CentrbL  1831, 
383. 

1831:  9.    J.  W.  DoBEBEiNEB.    Ueber  Oxal-,  Ameisen-,  und  Essigaaure. 
(Action  of  platinum  black.)  Ft 

J.  fiir  Chem.  (Schweigger),  63  (1831),  232. 

1831:  10.    F.    W.    Schweioobb-Sbidel.     Nachtrag    zu    Dobereiner's 
Oxal-;  Ameisen-  imd  Essigaaure.  Ft. 

J.  fiir  Chem.  (Schweigger),  63  (1831),  234. 

1831:  11.    F.  W.  Sohweiooeb-Seidel.    Ueber  Flatinagliililami)en  imd 
Lampenessig.  Pt. 

J.  fiir  Chem.  (Schweigger),  63  (1831),  147. 

1831:  12.    J.  W.  Dobebeinbb.    Ueber  Platinmohr  und  einen  Essig- 
bildungs-Apparat.  Pt. 

J.  fiir  Chem.   (Schweigger),  63   (1831),  363;  J.  prakt.  Chem.  2 
(1834),  520. 

1831:  13.    J.   W.   Dobebeineb.    Ueber   Entziindung   des   Knallgases 
durch  Platinmohr.  Pt. 

J.  fiir  Chem.  (Schweigger),  63  (1831),  464;  Berzelius  Jsb.  12  (1833), 
114. 

1831:  14.    J.   W.  .  Dobebeineb.    Ueber  Iridmohr  und  dessen  ausge- 
zeichnete  Zlindkraft.  Ir. 

J.  fur  Chem.  (Schweigger),  63  (1831),  465. 

1831:  15.    J.  W.  Dobebeineb.    Portatives  Iridfeuerzeug.  Ir. 

J.  fiir  Chem.  (Schweigger),  63  (1831),  467. 
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1831:  16.    J.  W.  DoBEREiNER.    Merkwlirdige  Ammoniakbildung  (auB 
Salpetersaure,  Alkohol  und  Platin-  oder  Irid-molir).  Pt,Ir. 

J.  fur  Chem.  (Schweigger),  63  (1831),  476. 

1831:  17.    J.  W.  DoBERBiNER.    ITeber  Nobili's  elektro-chemische  Far- 
benfiguren.  Pt. 

J.  fiir  Chem.  (Schweigger),  63  (1831),  472. 

1831:  18.    R.  BoTTGER.    Ueber  Platinaschwamm  iind  die,  dessen  Ziind- 

kraft   vollig   aufhebende,   Eigenschaft   der,   mit  "Ammoniakgas 

vermischten,  atmospliarischen  Luft.  Pt. 

J.  fiir  Chem.   (Schweigger),  63   (1831),  371;  J.  techn.  Chem.  12 

(1831),  233;  Berzelius  Jsb.  12  (1833),  113;  Pharm.  CentrbL  1831, 

785. 

1831:  19.    J.    S.    C.    ScHWEiGGER.     Ueber   Bottger    "iiber   Platina- 
schwamm, u.  8.  w.*\   (Action  of  ammonia.)  Pt. 
J.  fur  Chem.  (Schweigger),  63  (1831),  375. 

1831:  20.    H.  Hess.     Sur  le  propri6t6  que  poss^de  le  platine  tree  divisfi 

d'op6rer  la  combinaison  de  Toxigfene  avec  Thydrogfene,  et  sur  la 

density  du  platine.  Pt. 

MSm.  Acad.  St.  Pfitersb.  [6],  1  (1831),  587;  Gott.  Gelehrte  Anzeiger, 

1833,  139;  Pharm.  Centrbl.  1833,  379. 

1831:  21.    R.  Hare.    Asbestos  impregnated  with  platinum.     (Letter.) 

Pt. 
Amer.  J.  of  Sci.  20  (1831),  160;  J.  techn.  Chem.  14  (1832),  235; 
Polyt.  J.  (Dingier),  44  (1832),  231. 

1831:  22.    G.  Merryweather.    Account  of  a  platina  lamp.  Pt. 

Edinb.  N.  Phil.  J.  10  (1831),  359;  Amer.  J.  of  Sci.  20  (1831),  385; 
J.  fiir  Chem.  (Schweigger),  63  (1831),  148;  Polyt.  J.  (Dingier), 
40  (1831),  73;  Pharm.  CentrbL  1831,  812. 

1831:  23.     S.  F.  Hermbstadt.    Versuche  und  Beobachtungen  tiber  die 
Essigsaure.     (Action  of  platinum  black  on  alcohol.)  Pt. 

Abhand.  Acad.  Berlin.  1831,  285;  J.  techn.  Chem.  17  (1833),  232; 
Pharm.  Centrbl.  1833,  587. 

1831:  24.    J.  A.  Buchner.     (Action  of  fused  ammonium  nitrate  on 
platinum.)  Pt. 

Sep.  fiir  Pharm.  (Buchner),  39  (1831),  360;  Pharm.  CentrbL  1832, 
240. 

1831:  25.    J.  J.  Berzelius.    Vanadins  foreningar  med  metaller.  (Plat- 
inum-vanadium alloy.)  Pt. 
Handl.  Vet.  Akad.  Stockholm,  1831,  22;  J.  fiir  Chem.  (Schweig- 
ger), 62  (1831),  349;  Ann.  chim.  phys.  47  (1831),  337;  Ann.  der 
Phys.  (Pogg.),  22  (1831),  1;  Phil.  Mag.  10  (1831),  321. 
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1831:  26.     Stieren.    Platingefasse.  Pt. 

Rep.  fiir  Pharm.    (Buchner),  39    (1831),   1;  J.  techn.  Chem.  i:: 

(1832),   492;    16    (1833),   376  (Berichtigung) ;  Phann.    CentrbU 

1832,  77. 

1831:  27.    H.  Abich.     Chemische  Untersuchung  des  Spinels.     (Steel 
press  for  platinum,  p.  309.)  Pt. 

Ann.  der  Phys.   (Pogg.),  23   (1831),  305;  Ann.  des  Mines   [3],  e 
(1834),  244. 

1831:  28.    J.  F.  Daniell.     Further  experiments  with  a  new  register 

pyrometer  for  measuring  the  expansion  of  solids.     (Cause  of 

change  of  texture  of  platinum  when  heated  with  black  lead,  p. 

456.)  Pt. 

Phil.  Trans.  London,  121   (1831),  443;  J.  techn.  Chem.   15   (1832). 

459;  Phil.  Mag.  1  (1832),  261. 

1831:  29,    BouDON  de  St.  Amand.    Platiu  in  Porcellanfarbung  n.  s.  w, 

Pt. 
Desc.  d.  Machines,  Brevets  d*Inv.  par  Christian,  16,  5;  Polyt.  J 
(Dingier),  41  (1831),  219. 

1832:  1.    .     Platinausbeute  am  Ural.  Pt. 

Joum.  de  St.  Pfitersb.   (Joum.  des  Mines  Buss.?)    (1832),  Mar, 
8-20;  Berzelius  Jsb.  12  (1833),  175. 

1832:  2.    J.  F.  W.  Herschel.     On  the  action  of  light  in  determining 

the  precipitation  of  muriate  of  platinum  by  lime  water.  Pt. 

Phil.  Mag.  [3],  1  (1832),  58;  Ann.  der  Phys.  (Pogg.),  26  (1832).  ITo: 

Ann.  Chem.  (Liebig),  3  (1832),  337;  J.  fiir  Chem.  (Schweigger). 

65   (1832),   262;   Pharm.   Centrbl.  .1832,   620;   BerzeUus   Jsb.   1* 

(1834),  141. 

1832:  3.    J.  W.  Dobereiner.    XJeber  Platinoxyd-Natron  und  darau- 
bereiteten  Platinmohr.  Pt. 

J.  fur  Chem.  (Schweigger),  66  (1832),  298;  Pharm.  CentrbL  is:  :. 
141;  Berzelius  Jsb.  13  (1834),  107,  142. 

1832:  4.    P.    A.    von    Bonsdorff.     Analys    af    tvenne    Brom-salter 

(Bromo-Platinas  Natricus  och  Bromo-Auras  Kalicus.)  P:. 

Handl.  Vet.  Acad.  Stockholm,  1832,  88;  Ann.  der  Phys*   (Pogg.), 

33  (1834),  61;  L'Institut,  3  (1835),  105;  Berzelius  Jsb.  12  (1833k 

158;  Ann.  des  Mines  [3],  7  (1835),  486. 

1832:  5.    J.  L.  Lassaione.    M^moire  sur  les  iodures  de  platine  et  les 

composes  doubles  qu'ils  peuvent  former  avec  les  iodures  basiquf^ 

I'acide  hydriodique,  et  I'hydriodate  d'ammoniaque.  Pt. 

Ann.  chim.  phys.  51  (1832),  113;  J.  chim.  m^d.  8  (1832),  705;  Ann. 

der  Phys.  (Pogg.),  33  (1834),  67;  Ann.  Chem.  (Liebig),  8  (1833), 

185;  J.  fiir  Chem.  (Schweigger),  67  (1833),  30;  Phil.  Mag.  [3], 

3  (1833),  384;  Berzelius  Jsb.  13  (1834),  142. 
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1832:  6.  J.  L.  Lassaigne.  Becherches  sur  la  limite  de  sensibility  de 
certains  r^actifs  tr6s-employ68  dans  ^analyse  chimique.  (Platinic 
chlorid.)  Pt. 

J.  chim.  mM.  8  (1832),  513,  577;  Pharm.  Centrbl.  1832,  774,  914. 

1832:  7.  P.  Obfila.  Ueber  mehrere  mineralisehe  Gifte.  (Platinic 
chlorid  for  potassium  iodid.)  Pt. 

J.  chim.  m6d.  8  (1832),  257;  Pharm.  Centrbl.  1832,  464;  Proriep, 
Notizen,  34  (1832),  33. 

1832:  8.    S.  J.  Ejlne  (and  B.  Phillips).    Analysis  of  some  compounds 

of  platinum.     (lodids.)     (Observations  by  B.  Phillips  in  Phil. 

Mag.  2:  197.)  Pt. 

Dublin  J.  Med.  Chem.  Sci.  1  (1832),  304;  Phil.  Mag.  [3],  2  (1833), 
197. 

1832:  9.  J.  W.  DObebeiner.  Notizen  iiber  Sauerstoffather,  und 
verwandte  Gegenstande.  (Action  of  platinum  black  in  promotion 
of  the  oxidation  of  sulfur  dioxid  to  sulfuric  acid.)  Pt. 

Ann.  der  Phys.  (Pogg.),  24  (1832),  603;  Ann.  Chem.  (Liebig),  2 
(1832),  343;  Pharm.  Centrbl.  1832,  477. 

1832:  10.  J.  W.  DObebeineb.  Ueber  die  depotenzirende  Wirkung  des 
Ammoniaks  auf  den  Platinschwamm.  Pt. 

Ann.  Chem.  (Liebig),  1  (1832),  29. 

1832:  11.    J.  W.  D6BEBEINEB.    Ueber  die  Bereitung  des  Platinmohrs. 

Pt. 

Ann.  Chem.  (Liebig),  2  (1832),  1;  J.  techn.  Chem.  14  (1832),  456; 
Pharm.  Centrbl.  1832,  515,  857. 

1832:  12.  .  Ueber.  Essigsaureerzeugung.  (Use  of  plati- 
num black.)     (Subject  of  a  prize  award.)  Pt. 

Ber.  Soc.  d.  Pharm.  Paris;  J.  de  Pharm.  18  (1832),  364;  J.  fiir 
Chem.  (Schweigger),  62  (1832),  285. 

1832:  13.  P.  Phillips.  Ueber  Fabrication  der  Schwefelsaure  ohne 
Salpeter.     (By  platinum  black.)  Pt. 

J.  fiir  Chem.  (Schweigger),  65   (1832),  443;  J.  techn.  Chem.  14 
(1832),  330. 

1832:  14.    .    Bereitung  und  interessanteste  Eigenschaften 

verschiedener  merkwiirdiger  Platinpraparate  nebst  darauf  gegriin- 
deten  Apparaten  und  Versuchen.  (Chiefly  on  action  of  platinum 
black.)  Pt,  Ir. 

Pharm.  Centrbl.  1832,  113,  139,  345,  161,  177. 
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1832:  15.    W.  Marshall.    An  account  of  the  Russian  method  of  ren- 
dering platinum  malleable.  Pt 
PhU.  Magr.  [2],  11  (1832),  321;  Ann.  Chem.  (Liebig),  4  (1832),  210; 
J.  ftir  Chem.  (Schweigger),  65  (1832),  259;  J.  techn.  Chem.  14 
(1832),  319;  Polyt.  J.  (Dingier),  45  (1832),  205;  Berzelins  Jsb. 
13  (1834),  106. 

1832:  16.    C.  M.  Mabx.    Die  Schweissbarkeit  des  Flatins.  Pt 

J.  fiir  Chem.  (Schweigger),  66  (1832),  159;  Ann.  Chem.  (Liebig), 
8  (1833),  182;  J.  techn.  Chem.  16  (1833),  127;  Pharm.  CentrbL 
1833, 133;  BerzeUuB  Jsb.  13  (1834),  107. 

1832:  17.    J.   J.   Berzblius.    Ueber  verschiedene  chemische   Opera- 
tionen  und  Gerathschaften.     (Platinum  crucibles,  p.  357.)        Pt. 
J.  techn.  Chem.  13  (1832),  320;  Pharm.  Centrbl.  1832,  767. 

1832:  18.    Q.  Bisohof.    Leichte  Zerstorbarkeit  von  Platingefassen.  R. 

J.  fiir  Chem.  (Schweigger),  64  (1832),  123;  Pharm.  CentrbL  1832, 
126. 

1832:  19.    .    (Platinum  alloys.)  Pt. 

J.  chim.  m6d.  Sept.  1832;  J.  techn.  Chem.  16  (1833),  133. 

1833:  1.    G.  BosE.    Ueber  die  im  Ural  vorkommenden  taTstaUisirten 

Yerbindungen  von  Osmium  imd  Iridium.  Ir^  Os. 

Ann.  der  Phys.  (Pogg.),  29  (1833),  452;  Ann.  Chem.  (Liebig),  12 

(1834),  238;  Ann.  des  Mines  [3],  6  (1834),  270;  Phil.  Mag.  [3],  5 

(1834),  101. 

1833:  2.    .     Gisement  du  platine  en  Sib^rie.  Pt. 

Joum.  de  St.  Petersb.  (J.  des  Mines  Buss.?)  (1833),  Sept.;  Ann. 
des  Mines  [3],  5  (1834),  585. 

1833:  3.    H.  F.  Gaultieb  db  Claubry.    (Discovery  of  platinum  in 
France  in  galena.)  Pt. 

Soc.  d*Encouragement,  May  8,  1833;  Polyt.  J.  (Dingier),  49  (1833), 
232;  Llnstitut  ;  J.  chim.  m6d.  9  (1833),  434. 

1833:  4.    Dangaz.     (Platinum  in  France;  with  analysis.)  Pt 

L'Institnt,  No.  35  (1833);  Ann.  der  Phys.  (Pogg.),  31  (1834),  591; 
J.  prakt.  Chem.  1  (1834),  76. 

1833:  6:    D'Aroy.    Platine   en   galine.     (Discovery   of   platinum   in 

France.)  Pt. 

L'Institut,  No.  26  (1833),  218;  27  (1833);  46  (1833),  103;  Ann.  der 

Phys.  (Pogg.),  31  (1834),  16;  Pharm.  Centrbl.  1834,  125;  J.  chim. 

m6d.  10  (1834),  109;  Berzelins  Jsb.  14  (1836),  177. 

1833:  6.    J.  Peinsep.    Note  on  the  discovery  of  platina  in  Ava.      Pt. 
Asiatick  Kesearches,  18,  ii  (1833),  279;  Ann.  der  Phys,   (Pogg.), 
34  (1835),  380;  Berzelins  Jsb.  16  (1837),  170. 
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1833:  7.  W.  A.  Lampadius  and  G.  P.  Plattner.  Ueber  das  gemein- 
flchaftliche  Yorkonmien  des  Platmerzes  nnd  des  gediegenen  Sil- 
bergoldes  in  einem  GkmgfoBsile  ans  BiazOien.  Pt. 

J.  techn.  Chem.  18  (1833),  453. 

1833:  8.  F.  WOhlbr.  Sur  I'extraction  de  riridium  et  de  rosmium  du 
r^sidu  noir  de  platine.  Ir,  Os. 

Ann.  chim.  phys.  54  (1833),  317;  J.  chim.  m6d.  10  (1834),  127; 
Ann.  des  Mines  [3],  5  (1834),  493. 

1833:  9.    J.  J.  Berzelius.    Undersokning  af  Osmium-Iridium.    Os,  Ir. 
HandL  Vet.  Acad.  Stockholm,  1833,  313;  Ann.  der  Phys.  (Poggr.), 
32  (1834),  232;  Phil.  Mag.  [3],  6  (1835),  238;  Ann.  des  Mines  [3], 
7  (1835),  558;  Berzelius  Jsb.  14  (1835),  178. 

1833:  10.  A.  Brbithaupt.  ITeber  einen  Korper,  der  schwerer  als 
Platin  ist.     (Osmiridium;  also  specific  gravity  of  palladium.) 

Os,Ir,Pd. 
J.  ftir  Chem.  (Schweigger),  69  (1833),  1;  Ann.  Chem.  (Liebig),  12 
(1834),  239;  Pharm.  Centrbl.  1833,  894,  908;  Ann.  des  Mines  [3], 
5  (1834),  586;  Berzelius  Jsb.  14  (1835),  180. 

1833:  11.    A.  Brbithaupt.    Yorlanfige  chemische  TJntersucliungen  des 

schwersten    metallischen    Korpers,    den    man    kennt.     (Osmiri- 

dinms.)  Os,  Ir. 

J.  fiir  Chem.  (Schweigger),  69  (1833),  96;  Pharm.  CentrbL  1834,  32. 

1833:  12.    J.  Persoz.    (Separation  of  osmium  and  iridium.)  Os,  Ir. 

J.  chim.  m^d.  9  (1833),  420;  J.  fiir  Chem.  (Schweigger),  69  (1833), 

99;  PhU.  Mag.   [3],  4   (1834),  155;  Pharm.  CentrbL  1836,  142; 

Berzelius  Jsb.  14  (1835),  168;  Ann.  des  Mines  [3],  5  (1834),  489. 

1833:  13.    J.  J.  Berzelius.    Atomgewichte  der  einfachen  Korper. 

Pharm.  CentrbL  1833,  2.  Pt,  Pd,  Ir,  Eh,  Os. 

1833:  14.  B.  Phillips.  Experiments  on  platina.  (Beduction  by  tar- 
trates, etc.)  Pt. 
PhiL  Mag.  [3],  2  (1833),  94;  Ann.  Chem.  (Liebig),  8  (1833),  189; 
Ann.  der  Phys.  (Pogg.),  31  (1834),  288;  J.  fiir  Chem.  (Schweig- 
ger), 68  (1833),  42;  J.  prakt.  Chem.  1  (1834),  375;  Pharm. 
Centrbl.  1833,  379;  Polyt.  J.  (Dingier),  49  (1833),  128;  Ann.  des 
Mines  [3],  7  (1835),  485. 

1833:  15.  J.  W.  DObbreiner.  Ueber  mehrere  neue  Platinverbin- 
dungen.     (Oxalsanres  Platin,  imd  Platinsauren  Natron.)  Pt. 

Ann.  der  Phys.  (Pogg.),  28  (1833),  180;  Ann.  Chem.  (Liebig),  8 
(1833),  189, 191;  Ann.  chim.  phys.  53  (1833),  204;  Amer.  J.  of  Sci. 
28  (1835),  130;  Pharm.  Centrbl.  1833,  472;  PhiL  Mag.  [3],  5 
(1834),  150;  Ann.  des  Mines  [3],  5  (1834),  484;  Berzelius,  14 
(1835),  123,  159. 
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1833:  16.    J.  L.  Lassaigne.     Sur  Tiodure  de  palladium.  Pd. 

J.  chim.  mM.  9  (1833),  447,  from  Soc.  chim.  mM. 

1833:  17.    B.  J.  Kane.    Semarks  on  the  composition  of  the  iodide  of 
platinum.  Pt. 

Dublin  J.  Med.  Chem.  Sci.  3  (1833),  211. 

1833:  18.  E.  J.  Kane.  Reclamation  au  sujet  de  la  d^couverte  des 
ioduree  de  platine.  Pt. 

J.  chim.  m6d.  9  (1833),  26. 

1833:  19.  J.  L.  Lassaigne.  Espouse  i  M.  E.  J.  Kane.  (On  discovery 
of  iodids  of  platinum.)  Pt. 

J.  chim.  m^.  9  (1833),  27. 

1833:  20.  E.  Phillips.  Observations  on  Mr.  E.  J.  Kane's  **  Analysis 
of  some  combinations  of  platinum  "  (iodids).     cf.  (1832:  8).      Pt. 

Phil.  Mag.  [3],  2  (1833),  197. 

1833:  21.    F.  G6bel.     Verhalten  der  Ameisensaure  zu  einigen  Metall- 
oxyden  und  Hyperoxyden.     (Action  on  oxids  of  platinum  and  pal- 
ladium.) Pt,  Pd. 
J.  fiir  Chem.  (Schweiggcr),  67  (1833),  74;  Pharm.  CentrbL  1833, 
176. 

1833:  22.    J.  B.  Boussingault.    Examen  d'une  substance  consideree 

comme  un  compost  d'hydrogfene  et  de  platine.  Pi. 

Ann.  chim.  phys.  53  (1833),  441;  Ann.  der  Phys.  (Pogg.),  31  (1834), 

542;  J.  prakt.  Chem.  1  (1834),  251;  PhiL  Mag.  [3],  &  (1834),  155; 

Ann.  des  Mines  [3],  5  (1834),  487;  Berzelius  Jsb.  14  (1835),  122. 

1833:  23.  R.  B6ttger.  Einige  Bemerkungen  iiber  Bereitungs-  und 
Behandlungsweise  des  Platinschwammes  zum  Gebrauch  in  Dober- 
einer^s  Apparat  zur  Entziindung  des  Hydrogens.  Pt. 

J.  fiir  Chem.  (Schweigger),  68   (1833),  390;  J.  techn.  Chem.  IS 

.    (1833),  237;  Pharm.  CentrbL  1833,  819. 

1833:  24.     A.  F.  E.  Degen.    Ueber  ein  Eudiometer,  bei  dem  die  Waaser- 
bildung  durch  unvermischten  Platinschwamm  bewirkt  wird.     Pt. 
Ann.  der  Phys.  (Pogg.),  27  (1833),  557. 

1833:  25.  J.  L.  Prevost.  (Salzsaures  Natron-Platin  als  Heilmittel  in 
der  Epilepsie.)  Pt 

Ann.  Chem.  (Liebig),  5  (1833),  231,  from  Med.  Soc.  of  GeneTa. 

1833:  26.     6.  F.  C.  Frick.     Ueber  die  Anwendung  des  Iridiums  za 

Porcellanfarben.  Ir. 

J.  techn.  Chem.  18  (1833),  406;  Ann.  der  Phys.  (Pogg.),  31  (1834), 

17;  Pharm.  Centrbl.  1834,  94;  Ann.  des  Mines  [3],  7  (1835),  487; 

Berzelius  Jsh.  15  (1836),  148. 
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1833:  27.  E.  Lenz.  Ueber  die  Leitungsfahigkeit  der  Metalle  fiir  die 
Electricitat,  bei  verschiedenen  Temperaturen.  Pt. 

M6m.  Acad.  Sci.  St.  Petersburg,  2  (1833),  631;  Ann.  der  Phys. 
(Pogg.),  34  (1835),  430;  Pharm.  CentrbL  1834,  863. 

1834:  1.    P.  Berthier  and  A.  C.  Becquerel.    Platin  in  Prankreich. 
Ann.  der  Phya.  (Pogg.),  31  (1834),  590.  R. 

1834:  2.     Villain.     (Platinum  in  France.)  Pt. 

J.  chim.  m^d.  Feb.  (1834);  PhU.  Mag.  [3],  5  (1834),  158. 

1834:  3.    .    Platinum  in  France.  Pt. 

Amer.  J.  of  Sci.  26  (1834),  389. 

1834:  4.    G.  Rose.    Ueber  die  Lagerstatte  des  Platins  im  Ural.         Pt. 

Ann.  der  Phys.  (Pogg.).  31  (1834),  673. 

1834:  5.    E.  F.  Cooke.    Price  of  platinum.  Pt. 

Amer.  J.  of  Sci.  26  (1834),  210. 

1834:  6.  L.  F.  Svanberg.  Bidrag  till  narmare  kannedom  af  kemiske 
sammansattningen  af  de  Amerikanska  platinamalmema.  (Com- 
position of  Platina  del  Pinto  and  other  South  American  platinum 
and  iridium.)  Pt,  Pd,  Ir,  Os,  Bh. 

HandL  Vet.  Akad.  Stockholm,  1834,  84;  Ann.  der  Phys.  (Pogg.), 
36  (1835),  471;  Berzelius  Jsb.  15  (1836),  205;  Bibl.  Univ.  2 
(1836),  382;  Tlnstitut,  No.  67;  Ann.  des  Mines  [3],  7  (1835),  557. 

1834:  7.     P.  Sobolevsky.    Ueber  das  Auebringen  des  Platins  in  Buss- 
land.  Pt. 
Ann.  der  Phys.  (Pogg.),  33  (1834),  99;  Ann.  Chem.  (Liebig),  13 
(1835),  42  (read  at  Gesellsch.  I^aturf.  u.  Aerzte,  1834);  J.  de 
Pharm.  21  (1835),  181;  Bibl.  Univ.  9  (1837),  179;  Ann.  des  Mines 
[3],  7  (1835),  480;  Berzelius  Jsb.  15  (1836),  149. 

1834:  8.    F.  W5hler.    Ueber  die  Gewinnung  von  Iridium  und  Osmium 

aus   dem   Platinriickstand.     (Heating   with   sodium   chlorid   in 

chlorin.)  Pt,  Pd,  Ir,  Os,  Bh. 

Ann.  der  Phys.  (Pogg.),  31  (1834),  161;  Ann.  Chem.  (Liebig),  9 

(1834),  149;  Amer.  J.  of  Sci.  26  (1834),  371;  Ztsch.  anal.  Chem. 

5  (1866),  121;  Berzelius  Jsb.  15  (1836),  145;  Pharm.  CentrbL  1834, 

207. 

1834:  9.    J.  Persoz.     Memoire  sur  la  preparation  de  Tosmium  et  de 
Tiridium,  et  sur  Faction  du  sulfate  acide  de  potasse  sur  les  m^tauz 
de  platine  en  presence  des  chlorures  alcalins.     (Also  decomposi- 
tion by  sodium  sulfid.)  Pt,  Pd,  Ir,  Os,  Bh. 
Ann.  chim.  phys.  55  (1834),  210;  Ann.  Chem.  (Liebig),  12  (1834), 
12;  16  (1835),  204;  J.  prakt.  Chem.  2  (1834),  473;  Phil.  Mag.  [3], 
5  (1834),  314;  Polyt.  J.  (Dingier),  53  (1834),  129;  Ztsch.  anaL 
Chem.  5  (1866),  120. 
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1834:  10.    R.    BOttoeb.    Neues   Verfahren,   axis   den   Chloriden   des 

Platins   und   IridiiUBS^   mittelBt  fltussigen   SchwefelkohlenstoSs, 

Schwef elplatin  nnd  Schwefeliridiums  darznstellen.  Pt,  Ir. 

J.  prakt.  Ghem.  3  (1834),  267;  Ann.  Chem.  (Liebig),  16  (1835),  206; 

BerzeUuB  Jsb.  15  (1836),  148,  153,  154. 

1834:  11.    R.  J.  Kane.    On  some  compounds  formed  by  the  action  of 
[proto]  chloride  of  pla,tinum  and  [proto]  chloride  of  tin.  Pt. 

Dublin  J.  Med.  Chem.  Sci.  5  (1834). 

1834:  12.    W.  C.  Zbise.    Om  mercaptanet.    (Platinmercaptid.)         Pt. 
Afh.  Dansk.  Vid.  Sels.  6  (1837),  1;  J.  prakt.  Chem.  1  (1834),  409. 

1834:  12a.    J.  C.  Booth.     (Potassium  iridium  cyanid.)  Ir. 

Ann.  der  Phys.  (Pogg.).  31  (1834),  167;  Berzelius  Jsb.  15  (1836), 
169. 

1834:  13.    J.  VON  Libbig.    Ueber  die  Constitution  des  Aethers  und 

seiner  Verbindungen.     (Entziindliches  Platinchloriir  von  Zeise, 

p.  9.)  Pt 

Ann.  Chem.   (Liebig),  9   (1834),  1;  Ann.  der  Phys.   (Pogg.).  31 

(1834),  321. 

1834:  14.    J.  J.  Bebzelius.    Atomgewichte  der  einfachen  Korper. 

Pharm.  CentrbL  1834,  2.  R,  Pd,  Ir,  Os,  Rk 

1834:  15.     R.    Bbandes.     Reagens    fiir    Weinsteinsaure.      (Platinic 
chlorid.)  Pt. 

Ann.  Chem.  (Liebig),  9  (1834),  302;  Pharm.  CentrbL  1834,  670. 

1834:  16.      K.     W.     Q.     Kabtneb.       Chemikalische     Bemerkimgen. 

(Ealium  platinichlorid  als  Zeugdruckfarbe,  p.  408;  Zusatz  Ton 

Weingeist  zur  Reinigung  des  Platinchlorids  und  des  Iridium- 

chlorids,  p.  409.)  Ft,  Ir. 

Arch.  ges.  NaturL  26  (1834),  407. 

1834:  17.    P.  Bebthieb.    "  Traits  des  essais  par  la  voie  sftche.**    Vol.  2, 
p.  1002.  Ir,  Os. 

Ann.  des  Mines  [3],  5  (1834),  490;  Berzelius  Jsb.  15  (1836),  14S. 

1834:  18.    L.  F.  Bley.    Platinmohr.  Pt 

J.  prakt.  Chem.  2  (1834),  520;  Pharm.  CentrbL  1835,  15. 

1834:  19.    M.  Fabaday.    On  the  power  of  metals  and  other  solids  to 
induce  the  combination  of  gaseous  bodies.  Pt,  Pd,  Ir,  Os,  Rh. 

Phil.  Trans.  London,  124  (1834),  55;  Ann.  Chem.  (Liebig),  14 
(1835),  1;  Ann.  der  Phys.  (Pogg.),  33  (1834),  151;  J.  de  Pharm. 
21  (1835),  36;  Polyt.  J.  (Dingier),  51  (1834),  274;  Pharm.  CentrbL 
1835,  458;  Lit.  Gazette,  No.  888;  Phil.  Mag.  5  (1834),  161,  252,  334, 
424;  Ann.  des  Mines  [3],  7  (1835),  483. 
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1834:  20.    J.  W.  Dobbreiner.     Sauerstoffabsorption  des  Platins.      Pt. 

Ann.  der  Phys.  (Pogg.)>  31  (1834),  512,  aus  Preus.  Staatsztg. 
Mar.  13,  1834;  Ann.  Chem.  (Liebig),  12  (1834),  236;  BibL  Brit. 
[2],  56  (1834),  332;  Ann.  des  Mines  [3],  7  (1835),  485. 

1834:  21.    J.   W.   Dobbreinbr.    Ausserordentliche    Verdichtung   des 
Sauerstofffi  durch  Platinmohr.  Pt. 

J.  prakt.  Chem.  1  (1834),  76. 

1834:  22.    J.  W.  Dobbreiner.    Ueber  Platinmohr.  Pt. 

J.  prakt.  Chem.  1  (1834),  254;  Pharm.  Centrbl.  1834,  50. 

1834:  23.    J.   W.   Dobbreiner.    Das   Platin  als   reines   Oxyrrophon 
(Sauerstoffgassauger)  erkannt.  Pt. 

J.  prakt.  Chem.  1  (1834),  114,  369;  Berzelius  Jsb.  15  (1836),  151; 
Pharm.  CentrbL  1834,  477,  509. 

1834:  24.    E.   Bottger.    Femere  Ergebnisse  meiner  Verauche  fiber 
Bildung  einiger  Amalgame.    (Platinamalgame.)  R. 

J.  prakt.  Chem.  3  (1834),  278;  Pharm.  Centrbl.  1835, 105. 

1834:  25.    K.  Karmarsch.    Yersuche  iiber  die  absolute  Festigkeit  der 

(zn  Draht  gezogenen)  Metalle.  Pt. 

Jahrb.  Polyt.  Inst.  Wien.  18  (1834),  54;  Pharm.  Centrbl.  1834,  337. 

1835:  1.    .    Platina  and  gold  of  the  Uraliaii  Mountains.  Pt. 

Edinb.  N.  Phil.  J.  18  (1835),  366;  Amer.  J.  of  Sci.  28  (1835),  395. 

1835:  2.    Teplopp.    Apergu  de  la  ricbesse  min^rale  de  Tempire  Busse. 

(Occurrence  of  platinum.)  Pt. 

Ann.  des  Mines  [3],  8  (1835),  51;  Ann.  chim.  phys.  60  (1835),  394. 

1835:  3.    J.  J.  Berzelius.    (Vorkommen  des  Platins  in  Ava  und  am 
Harz.)  R,  Pd. 

Ann.  der  Phys.  (Pogg.),  34  (1835),  381. 

1835:4.    L.  HoPFP.    Platin  im  Rheinsande.  Pt. 

Arch.  geB.  Katurl.  27  (1835),  394. 

1835:  5.    J.  J.  Berzelius.    Analyse  des  "  Ouro  poudre'*  (faules  Gold) 
von  Slid  Amerika.  Pd. 

Berzelius  Jsb.  15  (1836),  205;  Ann.  der  Phys.  (Fogg.),  35  (1835)^ 
514. 

1835:  6.    G.  Rose.    TJeber  das  gediegene  Iridium.  Ir. 

Ann.  der  Phys.  (Pogg.).  34  (1835),  377. 

1835:  7.    G.  OsANN.    Platin  mit  Meteoreisen.    (Is  platinum  meteoric?) 

Ann.  der  Phys.  (Pogg.).  38  (1836),  238.  R. 
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1835:  8.    .    Product  of  platinum  mines.  Pt 

J.  Frank.  Inst.  [2],  15  (1835),  293;  from  Berlin  State  Gazette  and 
London  Mech.  Mag. 

1835:  9.    F.    Dobereiner.    Ueber   eine   neue   Methode    der   Anal;^e 

des  Platinerzes,  der  Darstellung  des  Platinmohrs  und  des  chemisch 

reinen  Palladiums.  Pt,  Pd. 

Ann.  Chem.  (Liebig),  14  (1835),  251;  Phann.  CentrbL  1835,  767; 

Berzelius  Jsb.  16  (1837),  108,  160. 

1835:  10.    J.  B.  Joss.    Wichtige  Bemerkung  als  Beitrag  zur  Zerlegung 
des  Osmium-Irids.  Pt,  Ir,  Os,  Bh. 

J.  prakt.  Chem.  4  (1835),  371. 

1835:  11.    J.  W.  Dobereiner.     Fernere  Mittheilungen  [iiber  Osmium- 

Irid,  platinsauren  Kalk  tmd  Platinoxydnatron].  Pt,  Os,  Ir. 

Ann.  der  Phys.   (Pogg.),  36   (1835),  464;  J.  Frank.  Inst.   [2],  26, 

(1840),  196;  Ann.  des  Mines   [3],  15   (1839),  445;  BibL  Univ.  4 

(1836),  167. 

1835:  12.    J.  W.  Dobereiner.    Chemische  Eigenschaften  und  phys- 

ische  Natur  des  auf  nassem  Wege  reducirten  Platins.     (Beaction 

between  platinum  chlorid  and  ferric  chlorid,  &c.)     (Ann.  ChenL 

(Liebig)  14  :  15;  also  by  F.  Dobereiner  and  Weiss.)  Pt. 

Ann.  Chem.  (LielHg),  14  (1835),  10,  15;  Ann.  der  Phys.  (Pogg.),  36 

(1835),  308,  458;  Amer.  J.  of  Scl.  34  (1838),  207;  I'lnstitut;  J.  de 

Pharm.  21  (1835),  530;  Bibl.  Univ.  1  (1836),  364;  3  (1836),  173: 

Pharm.  Centrbl.  1836,  63,  86;  Ann.  des  Mines  [3],  9  (1836),  3S1, 

382;  Berzelius  Jsb.  16  (1837),  105,  106,  107,  160. 

1835:  13.    J.  B.  Joss.    Ueber  eine  merkwurdige  Beduction  des  Platin*. 
J.  prakt.  Chem.  4  (1835),  374.  Pt. 

1835:  14.    W.  W.  Mather.     Crystallized  perehloride  of  platinum.     R. 
Amer.  J.  of  Sci.  27  (1835),  262. 

1835:  15.    W.  W.  Mather.     Iodide  of  potassium  and  platinum.         Pt. 

Amer.  J.  of  Sci.  27  (1835),  257. 

1835:  16.    B.  J.  Kane.     On  some  combinations  of  protochloride  of 

platinum  with  protochloride  of  tin.  Pt. 

Brit.  Ass.  Kept.  1835,  ii,  44;  Phil.  Mag.   [3],  7   (1835),  399;  Ann. 

Chem.  (Liebig),  20  (1836),  187;  J.  prakt.  Chem.  7   (1836),  135; 

Pharm.  Centrbl.  1836,  301. 

1835:  17.     J.  L.  Lassaione.     M6moire  sur  les  combinaisons  de  Tiode 
avec  le  palladium  et  Tiridium.  Pd,  Ir. 

J.  chim.  m^d.  [2],  1  (1835),  57;  Pharm.  Centrbl.  1835,  202;  Ber- 
zelius Jsb.  16  (1837),  153. 
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1835:  18.'    J.   J.    Berzelius.    Atomgewichte   der   einfachen   Korper. 
(Atomic  weight  of  platinum  metals.)  Pt,  Pd,  Rh,  Ir,  Os. 

Pharm.  Centrbl.  1835,  1. 

1835:  19.     W.  Maugham.     (Fusion  of  platinum  by  the  oxyhydrogen 
blowpipe.)  R. 

SoG*y  of  Arts,  May  12  (1835);  Mag.  of  Pop.  Sci.  3  (1837),  2J8; 
Polyt.  J.  (Dingier),  61  (1836),  75. 

1835:  20.    W.  W.  Mather.    Amalgam  of  platinum.  R. 

Amer.  J.  of  Sci.  27  (1835),  263. 

1835:  21.    J.  voxLiebig.     Ueber  die  Produete  der  Oxydation  des  Alko- 

hols.     (Oxydation  of  alcohol  by  means  of  platinum  sponge.)      Pt. 

Ann.  Chem.  (Liebig),  14  (1835),  133;  Ann.  chim.  pbys.  59  (1835)» 

289;  J.  de  Pharm.  21  (1835),  472;  Ann.  der  Phys.  (Pogg.),  36 

(1835),  275;  Pharm.  Centrbl.  1835,  649. 

1835:  22.     W.    Artus.     Ueber   die    Vemichtung   der   Ziindkraft    des 
Platinschwammes  durch  Schwefelwasserstoffgas.  Pt. 

J.  prakt.  Chem.  6  (1835),  176;  Pharm.  Centrbl.  1836,  79. 

1835:  23.     G.  F.  Hanle.    Verbesserung  an  den  Platinfeuerzeugen.    Pt. 
Bepert.  fiir  Pharm.  (Buchner),  2  (1835),  64;  Pharm.  Centrbl.  1835, 
633. 

1835:  24.     W.  C.  Henry.    Experiments  on  the  action  of  metals  in  de- 
termining gaseous  combination.     (Action  of  platinum.)  Pt. 

Phil.  Mag.  [3],  6  (1835),  362;  Ann.  der  Phys.  (Pogg.),  36  (1835), 
150;  J.  prakt.  Chem.  5  (1835),  109;  Amer.  J.  of  Sci.  31  (1837), 
348;  Edinb.  N.  Phil.  J.  (1836),  99;  Pharm.  Centrbl.  1835,  838; 
Ann.  des  Mines  [3],  9  (1835),  383. 

1836:  1.    R.  Hermann.    Ueber  Irit  und  Osmit,  zwei  neue  Mineralien. 

Bui.  Soc.  Nat.  Moscow,  9  (1836),  215.  Ir,  Os. 

1836:  2.    J.  E.  Herberger.     (Silber  haltiges  Platin.)  Pt. 

Hepert.  fiir  Pharm.  (Buchner)  [2],  5  (1836),  211;  Ann.  Chem. 
(Liebig),  20  (1836),  186;  Pharm.  CentrbL  1836,  477. 

1836:  3.     R.   Hermann.    Ueber  einige   dreifache  Verbindungen  von 

Osmium-,    Iridium-   und    Platinchlorid    mit    Chlorkalium    und 

Chlorammonium.  Pt,  Ir,  Os. 

Ann.  der  Phys.  (Pogg.),  37  (1836),  407;  Bibl.  Univ.  4  (1836),  384; 

Phil.  Mag.  [3],  9  (1836),  232;  Pharm.  Centrbl.  1836,  364;  Ann. 

des  Mines  [3],  11  (1837),  276. 

1836:  4.    J.  W.  Dobereiner.     Ueber  mehrere  neue  Platinverbindun- 

gen.     (Cyanids  of  platinum,  platinum  and  mercury,  and  platinum 

and  hydrogen.)  Pt,  Ir. 

Ann.  der  Phys.  (Pogg.),  37  (1836),  545;  Ann.  Chem.  (Liebig).  17 

(1836),   250;   J.   de   Pharm.   22    (1836),   551;   Phil.   Mag.    [3],   9 
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(1836),  314;  Pharm.  CentrbL  1836,  417;  BuL  Univ.  4  (1836),  381; 
Ann.  des  Mines  [3],  11  (1837),  273. 

1836:  5.  W.  C.  Zeise.  Xy  undersogelse  over  det  braenbare  (Jhlorplatin. 
(Combustible  chlorid  of  platinum  with  alcohol.)  Pt, 

Afhand.  Banske  Vid.  Sels.  [4],  6  (1837),  333;  Oversigrt.  Danske 
Vid.  Sels.  1836-37,  9;  Ann.  chim.  phys.  63  (1836),  411;  Ann.  Chem. 
(Liebig),  23  (1837),  1;  Ann.  der  Phys.  (Pogg.),  40  (1837),  234; 
Berzellns  Jsb.  18  (1839),  445. 

1836:  6.    L.  A.  Buchner,  Jr.    Ueber  der  Granzen  der  Wahmehm- 
barkeit  mehrer  chemischer  Reactionen.    (Platinum  with  stan- 
nous chlorid,  mercurons  nitrate  and  potassium  iodid.)  Pt- 
Pharm.  Centrbl.  18^6,  434. 

1836:  7.  V.  Reonault.  Recherches  relatives  k  Taction  de  la  vapeur 
d'eau  k  une  haute  temperature  sur  les  m6taux.  (Osmium,  p.  366; 
other  platinum  metals,  p.  368.)  Pt,  Pd,  Ir,  Os,  Rh. 

Ann.  chim.  phys.  62  (1836),  337;  Ann.  des  Mines  [3],  11  (1837)^ 
3;  J.  prakt.  Chem.  10  (1837),  139;  J.  de  Pharm.  23  (1837),  185. 

1836:  8.  J.  W.  D6bebeikeb.  Ueber  eine  sehr  leichte  Darstellung  ron 
Platinschwarz.  Pt. 

Ann.  Chem.  (Liebig),  17  (1836),  67^  BibL  Univ.  3  (1836),  396; 
Pharm.  Centrbl.  1836,  255;  J.  Frank.  Inst.  [2],  21  (1838).  64; 
Ann.  des  Mines  [3],  11  (1837),  272;  BerzeUus  Jsb.  17  (1838),  110. 

1836:  9.    J.  W.  DObebeiner.    Ueber  Platinmohr.  Pt 

Ann.  der  Phys.  (Pogg.),  37  (1836),  548;  PhiL  Mag.  [3],  9  (1836), 
544;  10  (1837),  154;  Pharm.  CentrbL  1836,  427;  J.  de  Pharm. 
July  (1836);  Berzelius  Jsb.  17  (1838),  184. 

1836:  10.  W.  C.  Henry.  On  gaseous  interference  (with  water  forming 
action  of  platinum).  Pt 

PhiL  Mag.  [3],  9  (1836),  324;  Ann.  Chem.  (Liebig),  23  (1837),  140; 
Ann.  der  Phys.  (Pogg.),  39  (1836),  385;  Edinb.  N.  PhiL  J. 
(1836),  311;  J.  prakt  Chem.  9  (1836),  347;  Pharm.  CentrbL  1837, 
154. 

1836:  11.  C.  F.  Mohr.  Ueber  die  Herstellung  der  Ziindkraft  des 
Platinschwammchen.  Pt. 

Ann.  Chem.  (Liebig),  18  (1836),  55;  Berzelius  Jsb.  17  (1838),  110. 

1836:  12.  A.  F.  E.  Degen.  Versuche  iiber  die  Netzbarkeit  der  Ober- 
flache  verschiedener  Korper.     (Absorption  of  gases  by  platinum.) 

Pt. 
Ann.  der  Phys.  (Pogg.),  38  (1836),  449;  Pharm.  CentrbL  1836,  6^5. 
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1836:  13.    A.  F.  E.  Degbn.    Wasserbildendefahigkeit  des  Platins.    R. 
Ann.  der  Phya.  (Pogg.),  38  (1836),  454;  Pharm.  CentrbL  1836,  698. 

1836:  14.    J.  W.  DObebbineb.    Zur  Chemie  des  Platins  in  wissenschaft- 
licher  nnd  tedmischer  Beziehung,  Stuttgart^  1836.  Pt. 

Bibl.  Univ.  7  (1837).  411. 

1836:  16.    J.  B.  Tbommsdobff.    Kritik  von  J..  W.  Dobereiner's  "Zur 
Chemie  des  Platins.*'  Pt. 

Ann.  Chem.  (Liebig),  18  (1836),  105. 

1836:  16.    J.  Pblouze.    Note  snr  la  fabrication  du  platine.  Pt. 

C.  R.  3  (1836),  421;  Ann.  chim.  phys.  62  (1836),  443;  J.  Frank.  Inst. 
[2],  20  (1837),  53;  Polyt.  J.  (Dingier),  63  (1837),  281. 

1836:  17.    J.  VON  Liebig.    (Short  note  on  preparation  of  platinum.) 

J.  chim.  m€d.  [2],  2  (1836),  581.  R. 

1836:  18.    J.  VON  Liebig.    (Malleable  platinum.)  Pt. 

Ann.  chim.  phys.  62  (1836),  443;  Ann.  des  Mines  [3],  11  (1837)» 
276. 

1836:  19.    C.  S.  M.  Pouillet.    Recherches  sur  les  hautes  temperatures. 
(Specific  heat  of  platinum  from  100*  to  1200*".)  Pt. 

C.  B.  3  (1836),  782;  Ann.  der  Phys.  (Pogg.),  39  (1836),  571;  Pharm. 
Centrbl.  1837,  274. 

1836:  20.    .    (Alloys  which  may  be  substituted  for  platinum 

on  lightning  rods.)  Pt 

J.  des  connais.  us.  et  pract.  Sept.  (1835);  J.  Frank.  Inst.  [2],  17 
(1836)»  427. 

1837:  1.    M.  Pbttbnkopeb.    (Very  general  occurrence  of  platinum,  as 
in  all  silver  coins.)  R. 

Bep.  fiir  Pharm.  (Buchner),  47  (1837),  72. 

1837:  2.    P.  N.  Johnson  and  W.  A.  Lampadius.    Ueber  brazilianisches 

Palladgold  und  dessen  Ausbringen  und  Scheidung.  Pd. 

J.  prakt.  Chem.  10  (1837),  501;  11  (1837),  309;  Ann.  des  Mines  [3], 

13  (1838),  713;  Polyt.  J.  (Dingier),  68  (1838),  153;  Phil.  Mag.  [3]» 

29  (1846),  130;  J.  Frank.  Soc.  [2],  19  (1837),  7;  (from  "  Mining 

J.");  Berzelitis  Jsb.  18  (1839),  145,  214. 

1837:  3.    G.  F.  C.  Fbick.    Ueber  die  Scheidung  des  Iridiums  zum 

technischen  Oebrauch  im  Grossen,  aus  den  Blickstanden  von  der 

Scheidung  des  Platins  in  Petersburg.  Lr. 

Ann.  der  Phys.  (Pogg.),   40  (1837),  209;  Ann.  des  Mines  [3],  13 

(1838),  488;  Ann.  Chem.  (Liebig),  24  (1837),  205;  J.  prakt.  Chem. 

11  (1837),  71;  Polyt.  J.  (Dingier),  64  (1837),  373;  Pharm.  Centrbl. 

1837,  545;  Berzelius  Jsb.  18  (1839),  139. 
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1837:  4.  L.  B.  yon  Fellenbebq.  Neue  Methode  zur  Auflosung  des 
Iridiumfi — ^mit  BerichtiguBg  (by  fusion  with  sulfur  and  alkaline 
carbonates).  Ir. 

Ann.  der  Phys.  (Pogg.),  41  (1837),  210;  44  (1838),  220;  Ann.  Chem. 
(Liebig),  24  (1837),  207;  28  (1838),  238;  Bibl.  Univ.  9  (1837),  425; 
15  (1838),  193;  J.  de  Pharm.  23  (1837),  571;  J.  prakt.  Chem.  12 
(1837),  353;  15  (1838),  446;  Ann.  des  Mines  [3],  13  (1838),  480; 
15  (1839),  446;  Phil.  Mag.  [3],  12  (1838),  141;  Pharm.  Centrbl. 
1837,  544;  1838,  686;  BerzeUus  Jsb.  18  (1839),  142;  19  (1840),  225. 

1837:  5.  E.  W.  Bunsen.  Notiz  iiber  die  Schmelzbarkeit  des  Iridiums. 
(Mit  Kohle  vor  dem  Elnallgeblase.)  Ir. 

Ann.  der  Phys.  (Pogg.),  41  (1837),  207;  Ann.  Chenu  (Liebig),  24 
(1837),  205;  Ann.  des  Mines  [3],  13  (1838),  479;  BibL  Univ.  12 
(1837),  422;  Pharm.  CentrbL  1837,  543;  BerzeUus  Jsb.  18  (1839), 
144. 

1837:  6.  J.  F.  Simon.  Beitrage  zur  Kenntniss  des  Arseniks  und  seiner 
Verbindungen.     (Arsenigsaures  Platinoxyd-Ammoniak,  p.  441.) 

R. 
Ann.  der  Phys.  (Pogg.),  40  (1837),  411;  Ann.  Chem.   (Liebig),  23 
(1837),  271;  Pharm.  Centr.  1837,  410. 

1837:  7.  C.  Bammelsbebo.  Ueber  die  einfachen  und  doppelten  Cyan- 
metalle.  (Platinum  cyanids,  p.  136;  palladium  cyanids^  p.  137; 
iridium  eyanids,  p.  139.)  Pt,  Pd,  Ir. 

Ann.  der  Phys.  (Pogg.),  42  (1837),  111;  Ann.  Chem.  (Liebig),  28 
(1838),  216;  Pharm.  CentrbL  1838,  39;  BerzeUus  Jsb.  18  (1839), 
163. 

1837:  8.  J.  VON  Liebiq.  Ueber  die  Aethertheorie,  in  besonderer 
Riicksicht  auf  die  vorhergehende  Abhandlung  Zeise's  (iiber 
entziindliches  Platinehlorid).  Pi.         ' 

Ann.  Chem.   (Liebig),  23   (1837),  12;  J.  de  Pharm.  24   (1838),  6;  j 

BerzeUus  Jsb.  18  (1839),  199. 

1837:  9.  G.  J.  Muldeb.  Over  de  eigensehappen  en  de  zamenstelling 
van  eenige  Oenanthaten.     (Platinum  oenanthate.)  Pt. 

Natuur-  en  Scheikundig  Archief  (Mulder),  5  (1837),  235. 

1837:  10.  F,  X.  Haindl.  Ueber  die  Probe  von  platinhaltenden  Gold- 
und  Silberlegirungen.  Pt. 

J.  prakt.  Chem.  10  (1837),  167. 

1887:  11.    B.  Bottgeb.    Ueber  Iridiumamalgam.  Ir. 

J.  prakt.  Chem.  12  (1837),  352  (from  Bottger,  Beitrage  zur 
Physik  und  Chemie,  p.  103);  Pharm.  CentrbL  1838,  26;  Ber- 
zeUus Jsb.  18  (1839),  149. 
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1838:  1.  G.  AiME.  Mineral  de  plomb  sulfur^  d' Alger.  (Containing 
trace  of  platinum.)  Pt. 

C.  R.  7  (1838),  246. 

1838:  2.    A.  Db  la  Rive.    Snr  Toxidation  dn  platine,  et  la  th6orie  chim- 

ique  de  r61ectrieit6  voltaique.  Pt. 

C.  R.  7  (1838),  1061;  Ann.  der  Phys.  (Pogg.),  46  (1839;,  489;  lln- 
Btitnt  6  (1838),  414;  BerzeUus  Jsb.  19  (1840),  141. 

1838:  3.  F.  Dobereiner.  Darstellung  eines  moglichst  reinen  Platin- 
salmiaks  axis  Platinerzlosung.  Pt. 

Archiv  der  Pharm.  14  (1838),  274;  Ann.  Chem.  (Liebig),  28 
(1838),  238;  Pharm.  Centrbl.  1838,  602. 

1838:  4.    E.    Biewend.    Analyse   des    Ehodiumchloridnatriums,    und 

tiber  eine  neue  Rhodiiun-verbindung.     (Aetherrhodiumchlorid- 

natrium.)  Bh. 

J.  prakt.  Chem.  15  (1838),  126;  Pharm.  CentrbL  1838,  925;  Ber- 

zelius  Jsb.  19  (1840),  268. 

1838:  6.  J.  W.  Dobereiner.  Platinchlorid  (resp.  Platinoxyd)  nnd 
Schwefligesaure.  Pt. 

J.  prakt.  Chem.  15  (1838),  315;  Pharm.  CclitrbL  1839,  175;  J.  chim. 
m^d.  [2],  6  (1840),  318  (separ.  Pt  and  Cu);  Benelius  Jsb.  19 
(1840),  273. 

1838:  6.  J.  Oros.  Becherches  but  une  s^rie  nonyelle  de  sels  de  platine. 
(Platinnm-ammoniiiin  base.)  Pt. 

Ann.  chim.  phys.  69  (1838),  204;  Ann.  Chem.  (Liebig),  27  (1838), 
241;  Ann.  des  Mines  [31,  15  (1839),  443;  Arab.  phys.  Kemi.  1839, 
258;  Pharm.  CentrbL  1838,  819;  PhiL  Mag.  [3],  18  (1841),  284; 
Berzelius  Jsb.  19  (1840),  269. 

1838:  7.  R.  J.  Ka.ne.  Ueber  die  Zusammensetzung  einiger  Queck- 
silberverbindnngen  nnd  Ammoniakdoppelsalze.  (Platin-ammo- 
nium  compounds.)  Pt. 

Ann.  Chem.  (Liebig),  26  (1838),  201. 

1838:  8.  W.  C.  Zeise.  Om  Aceehlorplatin,  med  bemaerkninger  over 
nogle  andre  producter  af  virkningen  mellem  Platinchlorid  og 
Acetone.  Pt. 

Afhandl.  Danske  Vid.  Selsk,  [4],  8  (1841),  171;  Orersigrt.  Danske 
Vid.  Selsk.  1838,  3;  1839,  11;  Ann.  chim.  phys.  72  (1839),  113; 
Ann.  der  Phys.  (Pogg.),  45  (1838),  332;  47  (1839),  478;  Erganz. 
bd.  2  (1842),  155,  312;  J.  prakt.  Chem.  20  (1840),  193;  Ann.  Chem. 
(Liebig),  33  (1840),  29;  Pharm.  Centr.  1839,  43;  1840,  66,  81; 
PhiL  Mag.  [3],  14  (1839),  84;  Ann.  of  Electric.  (Sturgeon),  3 
(1839),  488;  Berzelius  Jsb.  19  (1840),  603;  20  (1841),  88,  521. 
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1888:  9.    W.  H.  Ellet.    New  mode  of  obtaming  osmimn.  Os. 

J.  Frank.  Inst.  [2],  21  (1838),  384. 

1838:  10.  H.  Bbiksgh.  Ueber  daa  Fallungsyerhaltnifis  der  wichtigcm 
Metalle  gegen  Schwef elwasserstoffgas  ana  ihren  mit  Hydrochlor- 
saure  angesauerten  Losimgen.    (Platin^  p.  132.)  Pt. 

J.  prakt.  Chem.  13  (1838),  132. 

1838:  11.    J.  L.  Lassaignb.    Sur  ressai  des  soudes  iodur^ee.    (Use  of 
palladitun  salts  for  the  determination  of  iodin  in  varec  soda.)    Pd« 
J.  chim.  m^.  [2],  4  (1838),  349;  Pharm.  CentrbL  1839,  80. 

1838:12.    B.  Habb.    Notice  respecting  the  fusion  of  platina.  Ft. 

Amer.  J.  of  ScL  33  (1838),  195;  35  (1839),  328;  J.  Frank.  Inst.  [2]. 
28  (1839),  352;  Bibl.  Uniy.  13  (1838),  200;  17  (1838),  393;  Ann. 
des  Mines  [3],  13  (1838),  479;  J.  prakt.  Chem.  16  (1839),  512; 
19  (1840),  180;  Ann.  der  Phys.  (Pogg.),  46  (1839),  512;  PhiL 
Mag.  [3],  15  (1839),  487;  Ann.  of  Elect.  (Sturgeon),  4  (1839),  70. 

1838:  13.    C.  F.  Sohokbbin.    Einige  Bemerkungen  iiber  die  Erfahr* 

ungen  Hartle/s  in  Betre£F  des  Eisens  (Flatin-Eisen  Legirung,  p. 

17).  Pt 

Ann.  der  Phys.  (Pogg.),  43  (1838),  13;  Bibl.  Uniy.  13  (1838),  164; 

J.  prakt.  Qhem.  14  (1838),  315;  Berzelius  Jsb.  19  (1840),  223. 

1838:  14.  E.  Bottobb.  Licht  imd  Warmeentwicklnng  beim  Verbin- 
den  des  Zinks  tind  Cadmiums  mit  dem  Platin.  Pt. 

Bottger,  Beitrag,  126;  Pharm.  Centrbl.  1838,  128. 

1838:  15.  B.  Bottgbb.  Aiif  welchem  Wege  lessen  sich  hochstglanz^ide 
Lichterscheinimgen  bei  der  Yereinigung  gewisser  Metalle  mit 
Chlor  hervorrufen?  Pt,  Pd. 

Ann.  der  Phys.  (Pogg.),  43  (1838),  660;  Pharm.  CentrbL  1838,  912. 

1838:  16.    E.  Mblly.    Note  sur  quelques  experiences  entreprises  dans 

le  but  d'appliquer  le  platine  sur  d'autres  m^taux.  PL 

Bibl.  Uniy.  16  (1838),  375;  J.  prakt.  Chem.  16  (1839),  232;  Ann. 

d.  Mines   [4],  2   (1842),  228;  J.  chim.  mM.  [2],  4  (1838),  569; 

Berzelius  Jsb.  20   (1841),  87;  Chem.  tech.  Mitth.   (ELiner),  2 

(1848-50),  95. 

1838:  17.    F.  Kuhlmann.    Note  sur  plusieurs  reactions  nouyelles  d6- 

termin^es  par  T^ponge  de  platine,  et  considerations  sur  les  serrices 

que  cette  substance  est  appelte  k  rendre  k  la  science.  Pt 

C.  B.  7  (1838),  1107;  Ann.  des  Mines  [3],  15  (1839),  441;  J.  prakt. 

Chem.  16  (1839),  480;  J.  Frank.  Inst.  [2],  25  (1840),  135;  Amer. 

J.  of  Sci.  37   (1839),  198;  L'Institut,  No.  261-262,  496;  Pharm. 

Centrbl.   1839,  237;  Phil.   Mag.    [3],   14   (1839),   157;  Polyt.  J. 

(Dingier),  73  (1839),  60;  Ann.  of  Elect.  (Sturgeon),  4  (1839-40>» 

157;  Berzelius  Jsb.  19  (1840),  178. 
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1838:  18.  MusLEB.  (Bemarks  on  Kuhlmann's  oommunication  on  plat- 
inum sponge,  referring  to  Berzelins:  Chemie,  ii,  pp.  43,  44.)    Ft. 

C.  B.  7  (1838),  1162. 

1838:  19.    C.  F.  Sohonbeik.    Observations  snr  le  role  ^lectromotenr  de 
quelqnes  peroxides  m^talliques,  du  platine  et  du  fer  passif .        Ft. 
Bibl.  Univ.  14  (1838),  150;  Ann.  der  Phys.  (Pogg.),  43  (1838),  89. 

1838:  20.  C.  F.  Schonbeik.  Letter  to  Mr.  Faraday  on  the  mutual 
voltaic  relations  of  certain  peroxides,  platina,  and  inactive  iron. 

Phil.  Mag.  12  (1838),  225.  Ft. 

1838:  21.  T.  Andbews.  On  the  action  of  nitric  acid  on  bismuth  and 
other  metals.  (Fassive  state  in  bismuth  induced  by  contact  with 
platinum.)  Ft. 

Phil.  Mag.  12  (1838),  305;  Ann.  der  Phys.  (Pogg.),  45  (1838),  121; 
Berzelius  Jsb.  19  (1840),  222. 

1838:  22.  A.  Gaudin.  Note  sur  ^application  de  la  lumi^re  Drummond 
k  r^clairage  public  et  priv6.  (Froperties  of  the  alloy  of  platinum 
and  iridium.)  Ft,  Ir. 

C.  R.  6  (1838),  862;  J.  prakt.  Chem.  16  (1839),  55. 

1838:  23.  J.  W.  Dobebeineb.  Wirkung  von  Iridosmium  zur  Induc- 
tion der  Warme  in  Fliissigkeiten,  und  zur  Losung  des  Zinnes 
u.  6.  w.  Ir,  Os. 

J.  prakt.  Chem.  15  (1838),  319;  Berzelius  Jsb.  19  (1840),  224. 

1838:  24.    0.  Bibd.    Observations  on  some  peculiar  properties  acquired 
by  plates  of  platina  which  have  been  used  as  electrodes  of  a  vol- 
taic battery.  Ft. 
Phil.  Mag.  [3],  13  (1838),  379. 

1838:  25.    C.  Matteuooi.    (Polarization  of  platinum  electrodes.)     Ft. 
Linstitut,  ;  PhU.  Mag.  [3],  13  (1838),  469. 

1839:  1.  0.  BosE.  Ueber  das  urspriingliche  Yorkommen  des  Ooldes 
und  des  Flatins  im  Ural. .  Ft. 

Ber.  Acad.  Berlin,  1839,  265. 

1839:  2.  L.  Hobneb.  Yerslag  van  een  geologish  ondersoek  van  het 
zuid-oostelijke  gedeeste  van  Borneo.  (Occurrence  and  working  of 
platinum,  p.  Ill  and  following.)  Ft. 

Verh.  Batav.  Oenoot.  Eunst  Wetensch.  17,  ii  (1839),  89;  Ann. 
der  Phys.  (Pogg.),  55  (1842),  526;  Ann.  des  Mines  [4],  3  (1843), 
850;  Edinb.  N.  Phil.  J.  33  (1842).  284;  Bibl.  Univ.  43  (1843),  195; 
Berg  und  Hiitten  Ztg.  1  (1842),  195;  Berzelius  Jsb.  23  (1844),  273. 
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1839:  3.    F.  Wohleb.     Osmium-Iridium  in  verarbeitetem  Grold.    Os,  Ir. 
Ann.  Cbezn.  (Liebig),  29  (1839),  336;  Ann.  des  Mines  [3],  17  (ia40)» 
672;  Pharm.  Centrbl.  1839,  590;  BibL  Univ.  22  (1839),  398. 

1839:  4.  F.  J.  Malaquti.  Action  du  chlore  snr  plnsieurs  substances 
6ther6e8  et  sur  le  m6thylal.     (Theory  of  Zeise's  acechlorplatin.> 

Pt. 
Ann.  cbim.  phys.  70  (1839),  337;  Ann.  Chem.  (Liebig),  32  (1839),. 
15;  J.  prakt.  Chem.  18  (1839),  27;  Pharm.  CentrbL  1839,  593. 

1839:  5.  J.  W.  Dobereiner.  Analyse  des  Meerschaums.  (Platinum 
sponge  and  meerschaum  for  crucibles.)  Pt. 

J.  prakt.  Chem.  17  (1839),  158. 

1839:  6.    Qeiseler.   Ueber  die  Benutzung  des  brennenden  Wasserstoff- 
gases  als  Lothrohrflamme.     (Platinum  glows  brilliantly.)         Pt. 
Arch,  dcr  Pharm.  [2],  17  (1839),  144;  Pharm.  CentrbL  1839, 189. 

1839:  7.  F.  Kuhlmann.  Travail  relatif  aux  propriet6s  du  platine 
divis^,  et  aux  ph6nom6nes  de  F^th^rification.  Pt. 

C.  R.  9  (1839),  496;  J.  prakt.  Chem.  19  (1840),  50. 

1839:  8.  M.  Martens.  Sur  les  produits  de  la  combustion  lente  de 
I'alcool  et  de  Father  autour  du  fils  de  platine.  Pt. 

Bun.  Acad.   Sci.  Bruxelles,  6,   i   (1839),  95;  J.  prakt.  Chem.   IS 
(1839),  372. 

1839:  9.    W.  E.  Grove.    On  voltaic  series  and  the  combination  of  gases 

by  platinum.  Pt. 

PWL  Mag.  [3],  14  (1839),  127;  Ann.  der  Phys.  (Pogg.),  67  (1839)^ 

132. 

1839:  10.    W.  E.  Qrove.     On  a  new  voltaic  battery.  Pt. 

PhiL  Mag.  [3],  14  (1839),  287;  Ann.  der  Phys.  (Pogg.),  69  (1840), 
600. 

1839:  11.  J.  B.  On  the  polarized  condition  of  platinum  electrodes  and 
the  theory  of  secondary  piles.  Pt. 

PhiL  Mag.  [3],  14  (1839),  446. 

1839:  12.     C.  F.  Sohonbein.    Notice  on  some  peculiar  voltaic  arrange- 
ments. Pt. 
PhiL  Mag.  [3],  15  (1839),  136;  Ann.  of  Elect.  (Sturgeon),  7  (1841),. 
285. 

1840:  1.  A.  Breithaupt.  Beitrage  zur  naheren  Kenntniss  einiger 
Kiese  und  der  Kies  bildenden  Metalle,  auch  neue  Isomorphie 
(Iridosmin).  Ir,  Os^ 

Ann.  der  Phys.  (Pogg.),  51  (1840),  613. 
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1840:  2.  V.  A.  Jacquelain.  Observations  relatives  k  la  cristallisation 
du  platine.  Modifications  apportees  dans  Tart  de  travailler  ce 
metal.  Pt. 

C.  R.  11  (1840),  204;  Ann.  chim.  phys.  74  (1840),  213;  Ann.  de» 
Mines  [3],  19  (1841),  545;  Ann.  Cbem.  (Liebig),  40  (1841),  280; 
J.  prakt.  Chem.  22  (1841),  22;  Polyt.  J.  (Dingier),  78  (1840),  48; 
89  (1842),  159;  BerzeUus  Jsb.  21  (1842),  103. 

1840:  3.    L.  E.  von  Fellenberg.    Ueber  die  Zersetzung  der  Schwefel- 

metalle  durch  Chlorgas.     (Rhodium  sulfid,  p.  63;  palladium  sulfide 

p.  65;  iridium  sulfid,  p.  66;  platinimi  sulfid,  p.  70.)    Pt,  Pd,  Eh,  Ir. 

Ann.  der  Phys.  (Pogg.)>  50  (11340),  61;  BerzeUus  Jsb.  21  (1842),  91. 

1840:  4.  H.  D.  Eogers  and  M.  H.  Bo  ye'.  Upon  a  new  compound  of 
the  deutochloride  of  platinum,  nitric  oxide,  and  hydrochloric  acid. 
(Aqua  regia  on  platinum.)  Pt. 

Amer.  J.  of  Sci.  38  (1840),  186;  39  (1840),  369;  Trans.  Amer.  Phil. 
Soc.  7  (1841),  59;  Ann.  Chem.  (Liebig),  40  (1841),  289;  Berzelius- 
Jsb.  21  (1842),  138;  J.  prakt.  Chem.  26  (1842),  150;  Jsb.  Chem. 
1867,  319;  Pharm.  Centrbl.  1842,  749;  Phil.  Mag.  [3],  17  (1840)^ 
3^7. 

1840:  5.  J.  Eeiset.  Observations  "sur  une  combinaison  nouvelle  de 
chlorure  de  platine  etc.  d^ammoniaque,  consid6r^e  comme  le  radi- 
cal des  sels  de  Gros.  Pt. 

C.  R.  10  (1840),  870;  11  (1840),  711;  Ann.  Chem.  (Liebig),  36  (1840), 
111;  J.  prakt.  Chem.  20  (1840),  500;  Ann.  des  Mines  [3],  1^ 
(1841),  546;  Berzelius  Jsb.  21  (1342),  104. 

1840:  6.  Parisot.  (Reduction  of  platinum  from  potassium  platini- 
chlorid.)  Pt. 

J.  chim.  m6d.  Apr.  (1840);  Polyt.  J.  (Dingier).  77  (1840),  396. 

1840:  7.  F.  Hofer.  Observations  et  recherches  experimentales  sur  le 
platine  consid^r^  comme  agent  physiologique  et  therapeutique. 
(Less  poisonous  than  gold;  useful  in  syphilis.)  Pt. 

Gaz.  medicale  (1840),  No.  48;  J.  de  Pharm.  27  (1841),  213;  Pharm, 
Centrbl.  1841,  111;  J.  chim.  m§d.  [2],  8  (1842),  380. 

1840:  8.  R.  Hare.  Exhibition  of  fused  platinum  at  meeting  of  the 
Amer.  Phil.  Soc.  Pt. 

Amer.  J.  of  Sci.  38  (1840),  155,  163. 

1840:  9.  B.  Bottger.  Einige  neue  auf  die  Vergoldung  und  Verplatin- 
irung  der  Metalle  durch  Qalvanismus  Bezug  habende  Erfahr- 
ungen.  Pt^ 

Ann.  Chem.  (Liebig),  35  (1840),  350;  Berzelius  Jsb.  21  (1842),  111. 
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1840:  10.     [N.  W.?]  Fisgheb.    Platinum  wire  for  musical  instromente. 

Pt 
J.  Frank.  Inst.  [2],  25  (1840),  359;  from  Mech.  Mag.  and  Athe- 
neum. 

1840:  11.    .    Uses  of  palladium.  Pd. 

J.  Frank.  Inst.  [2],  25  (1840),  201;  from  Lond.  J.  Arts  ScL 

1840:  12.    y.  Begkault.     Becherches  sur  le  chaleur  sp^cifique  des 

corps  simples  et  composte.    (Specific  heat  of  platinum:  platinum 

73  :  46;  9  :  345;  palladium  73  :  47;  iridium  73  :  53.)        Pt,  Pd,  Ir. 

Ann.  chim.  phys.  73   (1840),  5;   [3],  9   (1843),  322;   Ann.  Chem. 

(Liebig),  36  (1840),  106;  52  (1844),  170;  Ann.  der  Phya.  (Pogg.), 

51  (1840),  44,  221,  223,  236;  62  (1844),  74. 

1840:  13.    M.  H.  Jaoobi.    Mesure  comparative  de  Taction  de  deux 

couples  Yoltaiques,  I'un  cuivre-zinc,  Fautre  platine-zinc.  Pt 

BuU.  Acad.  ScL  St.  P^tersb.  6  (1840),  368;  Ann.  der  Phya.  (Togg.), 

50  (1840),  510;  PhiL  Mag.   [3],  17  (1840),  241;  C.  B.  11   (1840), 

1058. 

1840:  14.    A.  Shee.    On  the  galvanic  properties  of  the  metallic  elemen- 
*  taiy  bodies.    (Plating  platinum  plates  with  platinum.)  Pt. 

PhiL  Mag.  [3],  16  (1840),  315;  Ann.  der  Phys.  (Fogg.),  61  (1844), 
503;  Proc.  Elect.  Soc  London,  1837-40,  202. 

1841:  1.    J.  W.  DoBEREiNER.    Platin  in  dem  goldhaltigen  Sande  des 

Bheins.  '  Pt. 

Archiv.  der  Pharm.  25  (1841),  57;  Ann.  dea  Mines  [4]  3   (1843), 

850;  Berzelius  Jsb.  22  (1843),  199;  J.  Frank.  Inst.  [3],  8  (1844), 

72;  Edinb.  N.  Phil.  J.  34  (1843),  184. 

1841:  2.    F.  D.  H.    XJeber  das  Yorkommen  und  die  Abscheidung  des 
Platins  in  dem  goldhaltigen  Bheinsande.  Pt. 

Archiv.  der  Pharm.  25  (1841),  37. 

1841:  3.    E.  Hebmank.    Ueber  Ural-Orthit  und  Irit,  zwei  neue  Miner* 

alien.  Ir,  Os. 

J.  prakt.   Chem.  23    (1841),  273;  Berzelins  Jsb.  22    (1843),   191; 

Jsb.  Chem.  1849,  734;  1860,  742;  Kenngott,  Mineral.  Unteranch- 

nngen.  Heft  1,  61;  Berg  u.  Hiitten  Ztg.  1  (1842),  897;  Ann.  des 

Mines  [4],  3  (1843),  852. 

1841:  4.    .    Quantity  de  .  .  .  platine  exploit^es  en  Bussie 

en  1840.  Pt 

Ann.  des  Mines  de  Bnssie,  1841,  424;  Ann.  des  Mines  [4],  5  (1844). 
620. 

1841:  6.    G.  BosE.    Ueber  die  Dimorphic  des  Iridiums.  Ir. 

Ann.  der  Phys.  (Pogg.),  54  (1841),  537;  Berzelius  Jsb.  22  (1843), 
110;  Berg  u.  Hiitten  Ztg.  1  (1842),  161. 
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1841:  6.    T.  G.  Tillet.    Ueber  die  angebliche  Verwandlimg  von  Bho- 
diiiin  in  Eisen.  Bh. 

Ann.  Chem.  (Liebig),  39  (1841),  321. 

1841:7.    G.  C.  WiTTSTEiN.    (Preparation  of  the  oxid  of  platinum.)    Pt. 
Bepert.  fiir  Pharm.  (Buchner),  24  (1841),  45;  Ann.  Chem.  (Lie- 
big),  44  (1842),  276;  Ann.  des  Mines  [4],  2  (1842),  229;  Pharm. 
Centrbl.  1842,  190;  BerzeUus  Jsb.  22  (1843),  109. 

1841:  8.    A.  Delabite.    Nonvelles  recherches  but  les  propri^t&i  des 
couiants  ^lectriques  discontinues.    (Oxidation  of  platinum.)    Pt. 
Archives  de  I'Electr.  1  (1841),  175;  Ann.  der  Phys.  (Pogg.),  54 
(1841),  378;  Ann.  of  Elect.  (Sturgeon),  9  (1842),  91. 

1841:  9.    C.  Rammelsbebg.    Ueber  die  bromsaure  Salze.    (Platinum 

salts  exist  only  in  solution.)  Pt,  Pd. 

Ber.  Akad.  Berlin,  1841,  326;  Ann.  der  Phys.  (Pogg.),  55  (1842),  86; 

J.  prakt.  Chem.  24  (1841),  285;  25  (1842),  225;  BerzeUus  Jsb.  22 

(1843),  142. 

1841:  10.    J.  J.  Bebzelius.    Ueber  die  neuen  platinhaltigen  Salzbasen 
(auch  Entdeckung  von  Beiset  priyatim  mitgetheilt).  Pt. 

Berzelius  Jsb.  21  (1842),  105;  Ann.  Chem.  (Liebig),  38  (1841),  358; 
Pharm.  Centrbl.  1841,  804. 

1841:  11.    B.  [J.?]  Eaitb.    Abstract  of  the  history  of  a  new  class  of 
platinaHBalts  discoyered  by  M.  Gros.  Pt. 

PhiL  Mag.  [3],  18  (1841),  293;  BerzeUus  Jsb.  22  (1843),  108. 

1841:  12.    H.  Fehling.    Ueber  einige  Verbindungen  der  Palladium 
Haloide  mit  Ammoniak.  Pd. 

Ann.  Chem.  (Liebig),  39  (1841),  110;  PhiL  Mag.  [3],  20  (1842),  34; 
Pharm.  CentrbL  1841,  605;  Berzelius  Jsb.  22  (1843),  153. 

1841:  13.    Kemp.    (Separation  of  gold  from  platinum  by  oxalic  acid.) 

Pt, 
Bepert.  fiir  Pharm.  (Buchner),  24  (1841),  235;  Ann.  dea  Mines  [4], 
2  (1842),  230;  Pharm.  CentrbL  1841,  943. 

1841:  14.    B.  BoTTQEB.    Ueber  die  Eeduction  platinhaltiger  Fliissig- 
keiten  und  Salze  idittelst  Zink.  Pt. 

Ann.  Chem.  (Liebig),  37  (1841),  116;  Ann.  des  Mines  [4],  2  (1842), 
229;  Pharm.  Centrbl.  1841,  95;  BibL  Univ.  35  (1841)»  405;  Ber- 
zeUus Jsb.  22  (1843),  107. 

1841:  16.    C.    On  the  manufacture  of  platinum  (by  electricity).        Pt. 
PhiL  Mag.  [3],  18  (1841),  442;  BibL  Univ.  36  (1841),  199. 

1841:  16.    E.  BiEWEND.     Schweissbarkeit  des  Palladiums.  Pd. 

J.  prakt.  Chem.  23  (1841),  248;  Ann.  Chem.  (Liebig),  40  (1841), 
290;  Pharm.  CentrbL  1841,  478;  Berzelius  Jsb.  22  (1843),  110. 
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1841:  17.     E.  BoTTGER.    N"eue,  einfache  Methode,  Kupfer  und  Messing 
auf  sogenanntem  nassen  Wege  mit  Platin  zu  iiberziehen.  Pt. 

Ann.  Chem.  (Liebig),  39  (1841),  175. 

1841:  18.    N".  W.  Fischer.    Ueber  das  Verhaltniss  der  Wanneleitnng 
von  Knpfep,  Eisen,  iind  Platin.  Ft, 

Ann.  der  Phys.  (Pogg.),  52  (1841),  632. 

1841:  19.     H.  Elkinoton.     Improvement  in  plating  with  platinum.  R. 
Lond.  J.  Arts  Sci.  May  (1841);  J.  Frank.  Inst.  [3],  2  (1841),  408. 

1841:  20.    E.  J.  Johnson.     On  the  application  of  native  alloy  for  com- 
pass pivots.     (Iridosmium.)  Lr,  Os. 
Ann.  of  Elect.  (Sturgeon),  6  (1841),  64;  Polyt.  J.  (Din^rler),  79 
(1841),  79;  The  Athenaeum,  No.  678. 

1841:  21.    M.  H.  Jacobi.     Sut  les  remarques  de  M.  Becquerel  relatives 

k  ma  mesure  comparative  de  Taction  de  deux  couples  voltaiques. 

Tun  cuivre-zinc,  Tautre  platine-zinc.  Pt 

Bui.  Acad.  Sci.  St.  P6tersb.  8  (1841),  262;  Ann.  der  Phys.  (Pogg.), 

53   (1841),  336;  Ann.  of  Elect.   (Sturgeon),  8   (1842),  18;  Ppoc 

Elect.  Soc'y,  London,  1843,  35. 

1841:  22.    J.   C.   Poqqendorfp.     Qiebt   es  galvanische  Ketten   ohne 
primitive  chemische  Action?  Pt. 

Ber.  Acad.  Berlin,  1841,  312;  Arch,  de  PElect.  3  (1843).  117;  J. 
prakt.  Chem.  25  (184^),  177;  J.  de  Pharm.  1  (1842),  385;  Ann. 
of  Elect.  (Sturgeon),  9  (1842),  143;  Ann.  der  Phys.  (Pogg.)»  54 
(1841),  353. 

1842:  1.     Q.  EosB.    Mineralogisch-geognostische  Eeise  nach  dem  UraL 

(Gold  and  platinum  production  of  Eussia  for  1841,  2,  434.)      Pt. 

Berg  und  Hiitten  Ztg.  1  (1842),  701;  Berzelius  Jsb.  22  (1844),  2T3. 

1842:  2.    J.  Menge.     Nachricht  iiber  einen  mineralogischen  Ausflug  in 
das  Uralgebirge.  PL 

Schriften  Min.  Gesell.  St.  Petersb.  1  (1842),  105. 

1842:  3.    .     Geschichte   und   wissenschaftliche   Beschaftig- 

ungen  der  Gesellschaft.  (Contains  many  references  to  platinum: 
I.  W.  B61ow,  discoverer  of  platinum  in  Ural  Mts.  in  1825,  p. 
cxxxvi;  A.  N.  Demidow,  platinum  from  his  mines,  pp.  Ixxiv, 
cxxxiii.)  Pt. 

Schriften  Min.  Gesell.  St.  Petersb.  1  (1842),  1. 

1842:  4.    .     [Platinausbeute  Eusslands  1842.]  Pt 

Berg  und  Hutten  Ztg.  1  (1842),  835. 

1842:  5.    .    Vorkommen  und  Verbreitung  der  Metalle  anf 

der  Erdoberflache.     (Platinum,  p.  9.)  Pt. 

Berg  und  Hutten  Ztg.  1  (1842),  2. 
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1842:  6.    L.  F.  Svanberg.     Om  nagra  mineralier  samt  om  platina- 

lualmenB  sammansattning.     (Composition  of  platinum  ore.)       Ft. 

Fdrhandl.  Skand.  Naturforskare,  3  (1842),  505;  J.  prakt.  Chem. 

31  (1844),  169;  Berzelius  Jsb.  23  (1844),  273;  Berg  und  Hiitten 

Ztg.  3  (1844),  472. 

1842:  7.    G.  Bose.    Ueber  die  Dimorphic  des  Falladiums.  Pd. 

Ann.  der  Phys.  (Fogg.),  55  (1842),  329;  BerzeUos  Jsb.  23  (1844), 
121;  Berg  und  Hiitten  Ztg.  1  (1842),  439. 

1842:  8.    E.   [J.?]  Kane.    Contributions  to  the  chemical  history  of 

palladium  and  platinum.     (Palladium  oxid,  p.  276;  chlorids,  280; 

sulfates,  287;  nitrates,  292;  oxalates,  297;  platinum  chlorid,  298; 

platinammonium  compounds,  299.)  Ft,  Fd. 

Phil.  Trans.  London,  132  (1842),  275;  Ann.  des  Mines  [4],  8  (1845), 

231;  Phil.  Mag.  [3],  21  (1842),  50;  Berzelius  Jsb.  24  (1844),  146, 

231,  238;  Pharm.  Centrbl.  1844,  737,  741. 

1842:  9.    A.  Litton  and  Q.  H.  E.  Schnedermann.    Ueber  ein  neues 

Flatinoxydul-Doppelsalz.      (Double     sulfite     of    platinum    and 

sodium.)  Ft. 

Ann.  Chem.  (Liebig),  42  (1842),  316;  Amer.  J.  of  Sci.  44  (1843),  274; 

Ann.  des  Mines  [4],  5  (1844),  446;  J.  de  Pharm.  2  (1842),  248; 

Berzelius  Jsb.  23  (1844),  221. 

1842:  10.    W.  Knop.    Ueber  eine  neue  Flatinverbindimg.     (Potassium 
platinocyanid,  copper  red  salt.)    ("  Also  discovered  by  Erdmann.") 

Ft. 
Ann.  Chem.  (Liebig),  42  (1842),  110;  43,  111;  Ann.  des  Mines  [4], 
5   (1844),  446;  Pharm.  Centrbl.  1842,  542,  678;  1843,  192;  J.  de 
Pharm.  2  (1842),  328;  Berzelius  Jsb.  23  (1844),  219. 

1842:  11.     C.   HiMLY.     Vorlaufige    Notiz   einer   neuen    Methode,    die 

Metalle  aus  ihren  Auflosungen  als  Schwefelmetalle  abzuscheiden 

imd  von  einander  zu  trennen.     (Action  of  sodium  tliiosulfate  on 

potassium  platinichlorid,  p.  152.)  Ft. 

Ann.  Chem.  (Liebig),  43  (1842),  150;  J.  de  Pharm.  2  (1842),  430. 

1842:  12.     E.  W.  Bunsen.     On  a  new  class  of  cacodyl  compounds  con- 
taining platinum.  Ft. 
Mem.  Chem.  Soc.  1  (1842),  63;  Phil.  Mag.  [3],  20  (1842),  395. 

1842:  13.     C.   F.    Schoxbein.    Ueber   die   directe    Oxydirbarkeit   des 
Flatins  und  des  Goldes.  Ft. 

Ann.  der  Phys.  (Pogg.),  56  (1842),  145,  235;  Archiv  de  I'Elect.  2 
(1842),  509;  Ber.  Nat.  Gesell.  Basel,  5  (1843).  21. 

1842:  14.    E.  Millon.     Eecherches  sur  I'acide  nitrique.    (Solubility  of 
platinum  in  aqua  regia.)  Ft. 

C.  R.  14  (1842),  906, 
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1842:  15.    E.  F.  Mabchand.     IJeber  die  Einwirinmg  der  gl^ende 

Metalle  anf  das  olbild^^le  6a&    (Anf  Flatmnm  mid  Falladiimv 

p.  490.)  Pt,Pd. 

J.  prakt.  Chem.  26  (1842),  478;  J.  de  Pharm.  3  (1843),  60;  Ann. 

Chem.  (Liebig),  44  (1842),  277;  Pharm.  CentrbL  1842,  837. 

1842:  16.    J.  Haidlen  and  C.  R.  Fbebbnius.    IJeber  die  Anwendimg 
des  Cyankaliums  in  der  chemischen  Analyse.  Pt 

Ann.  Chem.  (Liebig),  43  (1842),  131,  145. 

1842:17.    B.  Habe.     [Fusion  of  platinum  and  iridium.]  Pt^Ir. 

Proc.  Amer.  PhlL  Soc.  2  (1842),  196. 

1843:  1.    A.  VON  Hxtmboldt.     Note  snr  le  plus  grand  moroeau  de 
platine  trouvi  jusqu'ici  k  Nijni  Tagenlse.  Pt. 

Ann.  des  Mines  [4],  3  (1843),  53;  Amer.  J.  Sci.  46  (1844),  212. 

1843:  2.    .    Ein    neues    Stiick    gediegenes    Platina.      (23 

pounds.)  ft. 

Bergm.  Joum.  1843,  119;  Berg  und  Hiitten  Ztg.  5  (1846),  590. 

1843:  3.    Wbinlig.    Das  Yorkommen  von  Osmium-Indium  in  reiar- 
beiteten  Golde.  Os,  Ir. 

Pharm.  Centrbl.  1843,  207. 

1843:  4.    .     Ueber  die  in  den  uralischen  Hiitten  in  der 

ersten  Halfte  yon  1843  gewonnene  Masse  von  Oold  imd  Platina. 

Pt 
Bergm.  Joum.  1843,  119;  Berg  und  Hiitten  Ztg.  5  (1846),  585. 

1843:  5.    J.   L.   L[assaigne].    Extraction  du  palladium  an   Br^siL 

(Extraction  of  palladium  in  Brazil.)  Pd. 

Echo  du  Monde  Savant.  ;  J.  chim.  mM.  [2],  9  (1843),  614; 

J.  Frank.  Inst.  [3],  7  (1844),  255;  PhU.  Mag.  [3],  23  (1843),  3te; 

Edin.  N.  PhiL  J.  36  (1843),  207. 

1843:  6.  W.  J.  Cock.  On  palladium,  its  extraction,  alloys,  Ac.  Pd. 
Proc.  Chem.  Soc.  (Lond.),  1  (1843),  161;  Ann.  Chem.  (Liebig),  49 
(1844),  236;  J.  Frank.  Inst.  [3],  6  (1843),  329;  Ann.  des  IGnea 
[4],  5  (1844),  443;  J.  prakt.  Chem.  30  (1843),  20;  J.  de  Fharm. 
6  (1844),  21;  PhiL  Mag.  [3],  23  (1843),  16;  Polyt.  J.  (Dingier)^ 
89  (1843),  385;  Rev.  scientif.  16  (1844),  466;  Chem.  Gaz.  1  (1843), 
193;  Pharm.  CentrbL  1843,  159;  BibL  Univ.  47  (1843),  382. 

1843:  7.    J.  J.  Bbbzelius.    Om  Allotropi  hos  enkla  EJroppar,  sifiom  en 

af  orsakema  till  isomeri  hos  deras  foreningar.    (Allotropie  ein- 

facher  Korper  als  eine  der  Ursachen  der  Isomeric  bei  ihren  Ver- 

bindungen.)  Ir,  Os,  R,  Pd,  Bh. 

Hand!.  Vet.  Acad.  Stockholm,  1843,  1;  Ann.  der  Phys.  (Pogg.),. 

61  (1844),  11;  Ann.  Chem.  (Liebig),  49  (1844),  247;  Scient.  Mem. 


BIBLIOGRAPHT  OF  METALS  OF  THE  PLATINUM  GROUP  79 

(Taylor),  4   (1846),  240;  Phann.  Centrbl.  1844,  261;  Berzclius 
Jab.  25  (1844),  100. 

1843:  8,  C.  Gerhardt.  Ueber  die  chemische  Classification  der  organ- 
ischen  Snbstanzen.  (Analysis  of  chlorplatinates  of  quinin, 
strychnin  and  quinolein.)  Pt. 

J.  prakt.  Chem.  28  (1843),  65. 

1843:  9.  P.  Berthier.  Sut  quelques  separations  op6r6e  au  moyen  de 
I'acide  snlf nrenx  on  des  sulfites  alcalin.  Pt. 

Ann.  chim.  pbys.  [2],  7  (1843).  74;  J.  prakt.  Chem.  29  (1843),  75; 
Ann.  Chem.  (Liebig),  46  (1843),  182. 

1843:  10.  B.  Bottqbb.  Warum  yersagt  Platinschwamm  so  oft  seinen 
Dienst.  Pt. 

Ann.  Chem.  (Liebig),  47  (1843),  348;  J.  prakt.  Chem.  30  (1843), 
272;  Ann.  des  Mines  [4],  5  (1844),  445. 

1843:  11.  J.  W.  Dobereiner.  Depotenzirehde  Wirkung  des  Am- 
moniaks  auf  ziindenden  Platinschwamm.  Pt. 

J.  prakt.  Chem.  28  (1843),  165;  Berzelius  Jsb.  24  (1845),  147. 

1843:  12.  J.  W.  Dobereiner.  Ueber  Glycerin  nnd  Mannit.  (Ein- 
wirknng  von  Platinschwamm.)  Pt. 

J.  prakt.  Chem.  29  (1843),  451. 

1843:  13.  J.  Bbiset  and  E.  Millon.  M^moire  eui  les  ph6nom6nes 
chimiqnes  dfis  au  contact.  (Action  of  platinum  sponge  on  organic 
substances  at  high  temperatures.)  Pt. 

C.  R.  16  (1843),  1190;  Ann.  chim.  phys.  [3],  8  (1843),  280;  Ann. 
Chem.  (Liebisr).  48  (1843),  199;  BibL  Uniy.  46  (1843),  169;  J. 
prakt.  Chem.  29  (1843),  365;  I'Institut,  No.  493;  Pharm.  CentrbL 
1843,  525;  Berzelius  Jsb.  24  (1845),  29. 

1843:  14.    C.  F.  Sohonbein.    Einige  Beobachtungen  und  Bemerkungen 

liber  den  Einfluss^  den  gewisse  Gasarten  auf  die  Ziindkraft  des 

Platins  ansiiben.  Pt. 

J.  prakt.  Chem.  29  (1843),  238;  Bibl.  Uniy.  46  (1843),  113;  BerzeUns 

Jsb.  24  (1845),  147. 

1843:  16.    E.  Bottoer.    Ueber  das  Verplatiniren  auf  galvanischem 

Wege.  Pt, 

J.  prakt.  Chem.  30  (1843),  267;  Ann.  Chem.  (Liebig),  47  (1843),  342. 

1843:  16.    .    Covering  copper  and  brass  with  platinum.    Pt. 

Ann.  of  Chym.  and  Pract.  Pharm.  1843;  J.  Frank.  Inat.  [3],  6 
(1843),  357. 

1844:  1.  M.  Leplat.  Becherches  giologiques  dans  I'Oural.  (Occur- 
rence of  platinum.)  Pt. 

C.  R.  19  (1844),  853. 
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1844:  2.    M.  M.  Kositzky.    Notiz  liber  das  uralsche  Platin.     (Compo- 
sition of  ore.)  Pt. 
YerbandL  Min.  Qesell.  St.  Peterab.  1844,  165. 

1844:  3.  M.  M.  Kositzky.  TJeber  die  Scheidung  des  Iridiums  am 
Miinzhof  e  zu  St.  Petersburg.  Ir,  Pt,  Pd,  Bh,  Os. 

YerbandL  Min.  OeselL  St.  Petersb.  1844,  178. 

1844:  4.  C.  Claus.  Untersuchung  des  Platinriickstandes,  nebst  vorlau- 
figer  Ankundigung  eines  neuen  Metalles  (Ruthenium).  (Atomic 
weight  of  Ru  =  104.57.)  Pt,  Pd,  Ir,  Os,  Bh,  Bu. 

Bui.  Acad.  Sci.  St.  Petersb.  3  (1845),  38,  311,  354;  Ann.  Cbem. 
(Liebig),  56  (1845),  257;  J.  prakt.  Cbem.  32  (1844),  479;  34  (1845). 
173,  420;  Ann.  der  Pbys.  (Pogg.),  64  (1845),  192;  65  (1845),  200; 
Ann.  des  Mines  [4],  8  (1845),  234;  Amer.  J.  ScL  48  (1845),  401: 
BerzeUus  Jsb.  25  (1846),  205,  297;  Pbarm.  CentrbL  1844,  641, 
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durch  borsaures  Natron.)  Bh. 

BuL  Acad.  Sci.  St.  Petersb.  2  (1843),  158. 

1844:  7.  E.  Fbk'my.  Becherches  sur  les  acides  metalliques.  (Osmie 
acid.)  Os,  Ir. 

C.  R.  18  (1844),  144;  Ann.  cbim.  pbys.  [3],  12  (1844),  457;  Ann. 
des  Mines  [4],  5  (1844),  448;  Ann.  Cbem.  (Liebig),  52  (1844). 
271;  Amer.  J.  Sci.  48  (1845),  185;  49,  199;  BerzeUus  Jsb.  25  (1845), 
203,  232;  J.  de  Pbarm.  5  (1844),  188;  J.  prakt.  Cbem.  31  (1S44), 
482;  34  (1845),  303;  Pbarm.  CentrbL  1844,  266;  1845,  173;  Poljt. 
J.  (Dingier),  92  (1844),  208;  Pbil.  Mag.  [3],  24  (1844),  393,  474; 
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1844:  8.  E.  Fbemy.  M^moire  sur  Tosmium.  (Very  full,  including 
atomic  weight  Os  =  199.65.)  (V. 

C.  R.  19  (1844),  468;  J.  de  Pbarm.  6  (1844),  241;  J.  prakt.  Cbem.  33 
(1844),  407. 

1844:  9.    L.  ScHAFFNER.  Ueber  die  Zusammensetzung  einiger  Hydrate, 

Pt. 
Ann.  Chem.  (Liebig),  51  (1844),  168;  Pbarm.  Centrbl.  1844,  913. 
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1844:  10.     T.   Webtheim.    Untersucliimg  dee  Knoblauchols.     (Plati- 
num and  palladium  compounds.)  Pt,  Pd. 
Ann.  Chem.  (Liebigr).  51  (1844),  289;  J.  de  Pharm.  7  (1845),  174; 
Berzelius  Jsb.  25  (1846),  630. 

1844:  11.    M.  Peyrone.    De  Taction  de  Tammoniaque  but  le  proto- 

chlorure  de  platine.  Pt. 

Ann.  chim.  phys.  [3],  12  (1844),  193;  16  (1846),  462;  Ann.  Chem. 

(Licbig),  51  (1844),  1;  55  (1845),  205;  J.  de  Pharm.  9  (1846),  158; 

12   (1847),  221;  Pharm.  Centrbl.  1844,  769,  784;  1846,  199;  Ber- 

zeUuB  Jsb.  25  (1846),  215,  242;  26  (1847),  264. 

1844:  12.    J.  Reiset.    M^moire  sur  les  combinaisons  de  deux  nouvelles 

bases  alcalines  contenant  du  platine.     (Beiset's  plat-ammonium 

base.)  Pt. 

Ann.  chim.  phys.  [3],  11  (1844),  417;  J.  prakt.  Chem.  33  (1844), 

321;  Ann.  Chem.  (Liebig),  52   (1844),  202;  Ann.  des  Mines  [4], 

8  (1845),  228;  C.  R.  18  (1844),  1100;  Pharm.  Centrbl.  1845,  113; 

Berzelius  Jsb.  25  (1846),  214,  234. 

J  844:  13.    J.  Blyth.     On  the  composition  of  narcotine,  and  some  of  its 
^products  of  decomposition  by  the  action  of  bichloride  of  platinum. 

Pt. 
Proc.  Chem.  Soc.  London,  2  (1844),  163;  Ann.  Chem.  (Liebig),  50 
(1844),  29;  Phil.  Magr-  [3],  25  (1844),  363. 

1844:  14.    R.  F.  Marchand.  Ueber  das  specifische  Gewicht  der  Platina. 
J.  prakt.  Chem.  33  (1844),  385;  Pharm.  Centrbl.  845,  191.  R. 

1844:  16.    F.  Reich.    Notiz  iiber  das  Kohlenoxydgasgeblase  (Schmel- 
zen  des  Platins).  Pt. 

J.  prakt.  Chem.  33  (1844),  478. 

1844:  16.    A.  Pleischl.    Ueber  das  Entstehen  der  Blasen  in  Platin- 

gerathschaften.  Pt. 

Ann.  der  Phys.  (Pogg.),  63  (1844),  111;  Pharm.  Centrbl.  1845,  143. 

1844:  17.    J.    W.    Dobereiner.     Erhohung   der   oxydirenden    Eigen- 
schaften  des  Platinmohrs.  Pt. 

J.  fiir  prakt.  Pharm.  9   (1844),  233;  Pharm.  Centrbl.  1844,  879; 
Berzelius  Jsb.  25  (1846),  213. 

1844:  18.     K.  A.  Hirschberg.  Ueber  Anfertigung  der  Platinschwamm- 
chen.  Pt. 

Berliner  Gew.-,  Indus!.-  und  Handelsblatt,  1,  2,  "So,  20;  Polyt.  J. 
(Dingier),  94  (1844),  208. 

1 844:  19.    J.  C.  Poggendorff.    Beschreibung  der  Wippe.     (Action  of 
platinized  platinum  plates.)  Pt. 

Ann.  der  Phys.  (Pogg.),  61  (1844),  593. 
6 
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1844:  20.    C.  F.  Sohonbein.    Ueber  den  Einfiuss^  den  gewisse  Oasarten 
auf  die  Ziindkraft  des  Platins  ausiiben.  Pt. 

Ber.  Yerh.  Naturf.  Gesell.  Basel,  6  (1844),  5. 

1844:  21.    O.  Webthbim.    Becherches  snr  I'^lasticit^.     (Elasticity  of 
platinum  and  palladium.)  Pt,  Pd. 

C.  B.  19  (1844),  229;  Ann.  chim.  phys.  [3],  12  (1844),  385;  Ann.  der 
Phys.  (Pogg.),  Erganfc.  bd.  2  (1848),  1. 

1846:  1.    E.  L.  Schubabth.    Ueber  die  vermeintliche  Kenntnias  der 
Alten  von  Platin.  Pt. 

•    Ann.  der  Phys.  (Pogg.),  65  (1845),  621. 

1845:  2.    J.  S.  C.  Schweiooeb.    Ueber  Platina,  altes  nnd  neues.     (His« 
tory  of  platinum.)  Pi. 

J.  prakt.  Chem.  34  (1845),  385. 

1845:  3.    J.  A.    Ueber  den  Platingewinn  in  Bussland.  PL 

Allgemein.  preuss.  Ztg.  ;  Berg  and  Htitten  Ztg.  4  (1845). 

956,  975. 

1845:  4.    .     Gold-  imd  Platinaausbeute  am  Ural.        .Pt,  Ac 

Bergwerksfreund,  9,  Nr.  6;  Pharm.  Centrbl.  1845,  751. 

1846:  6.    C.  Claus.    Ueber  die  neuen  Metalle,  welche  von  Prof.  Osann 

in    dem    Platinriickstande    aufgefunden   worden    sind.     (Polin. 

ruthenium  and  pluran.)  Plu,  Po,  Ru,  Os,  Ir,  Rh,  Pt,  Pd. 

BuU.  Acad.  Sci.  St.  P^tersb.  5   (1847),  182;  J.  prakt.  Chem.  % 

(1846),  164;  Edinb.  N.  PhU.  J.  39  (1845),  199. 

1845:  6.     G.  Osann.    Bemerkungen  fiber  den  Aufsatz  des  Herm  Prof. 

Claus,  die  von  mir  aufgefundenen  neuen  Metalle  in  dem  Buck- 

stande  des  uralschen  Platins  betreffend.     (In  J.  prakt.  Chem.  38. 

164.)  Bu,  Pin,  Po. 

Ann.  der  Phys.  (Pogg.),  64  (1845),  208;  J.  prakt.  Chem.  39  (1846), 

111;  Pharm.  Centrbl.  1847,  74. 

1845:  7.     G.  Osann.    Analyse  des  in  Salpeter-Salzsaure  imaufloalichen 
Riickstands  des  uralschen  Platins.  Plu,  Po,  Ru,  Os,  Iri  Rh,  Pt,  Pd. 
Ann.  der  Phys.  (Pogg.),  64  (1845),  197;  69  (1846),  453;  Pharm. 
Centrbl:  1847,  167. 

1845:  8.     C.  Claus.    Ueber  das  Polin  des  Herm  Prof.  Osann. 

Ru,  Po,  Plu,  Os,  Ir,  Rh,  Tt,  Pd. 
Ann.  der  Phys.  (Pogg.),  64  (1845),  622. 

1845:  9.     [E.  Fremy.]     (Claim  of  priority  on  Claus'  work  on  platinum 
residues.)  0>. 

J.  de  Pharm.  8  (1845),  381;  Phil.  Mag.  [3],  27  (1845),  233. 
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1846:  10.  Q.  Q.  Aquilika.  M^moire  sitr  Fiode  et  but  un  nouvean 
rSactif  de  ce  corps.    (Iodic  acid  as  a  reagent  for  platinum.)      Pt. 

J.  chim.  m6d.  [3],  1  (1845),  682.    (Bead  before  Soc.  m^d.  d'en- 
conrag.  de  Malthe,  Feb.  20,  1845.) 

1845:  11.  E.  CoTTEBEAU;  FIL8.  Note  snr  la  valeur  relative  de  Tamidon 
et  du  chlorure  platiniqne  employee  comme  rSactifs  de  I'iode  et  des 
compost  d'iodc.  Pt. 

J.  chim.  mM.  [3],  1  (1845),  637;  Pharm.  Centrbl.  1846,  63. 

1845:  12.  H.  Kopp.  Specifisches  Yolnm  nnd  specifisches  Oewicht- 
Tabellen.  Pt,  Pd,  Ir,  Os,  Bh. 

J.  prakt.  Chem.  34  (1845),  5. 

1845:  13.    L.  Elsneb.    Ueber  die  Trennung  des  Ooldes  nnd  Plating 

Yon  Zinn  nnd  Arsenik.  Pt. 

J.  prakt.  Chem.  35  (1845),  310;  Polyt.  J.  (Dingier),  98  (1845),  128; 

Pharm.  Centrbl.  1845,  895;  Berg  and  Hutten  Ztg.  4  (1845),  1128. 

1846:  14.    K.  W.  G.  Kastneb.  Prei  erhalten  der  Platin-Tiegel,  -Bleche, 

-Loffel,  -Spatel,  nnd  dergleichen  yom  Beitritt  des  Silic  nnd  des 

Eisens.    (Protected  in  a  Hessian  cmcible  filled  with  calcium 

carbonate.)  Pt. 

Arch,  der  Pharm.  94  (1845),  1;  Pharm.  CentrbL  1845,  800. 

1846:  16.    J.  Wbioeb.    (Preparation  of  alloys  containing  platinum  and 

palladium  for  dentists.)     (Alloys  of  platinum^  gold^  silver^  and 

palladium.)  Pt,  Pd. 

London  Jonm.  of  Arts,  26   (1845),  398;  Polyt.  J.   (Dingier),  97 

(1845),  380. 

1845:  16.    J.  W.   Dobbbeineb.    Neue  Beitrage  zur  Oescbichte  der 

chemischen  Dynamik  des  Platins.    (Platinum  sponge.)  Pt. 

Ann.  der  Phys.  (Pogg.),  64  (1845),  94;  Ann.  Chem.  (Liebig),  53 

(1845),  145;  J.  de  Pharm.  7  (1845),  356;  Amer.  J.  of  Soi.  [2],  1 

(1846),  110;  Pharm.  Centrbl.  1845,  350;  Berzelius  Jsb.  26  (1847), 

179. 

1846:  17.    C.  F.  Schonbeik.    On  some  chemical  effects  produced  by 

platinxmi.    (Platinum   sponge   on   guaiacum,   potassium   io^d, 

potassium  ferrocyanid.)  Pt. 

Proc  Chem.  Soc  London,  3  (1845),  17;  Ann.  der  Phys.  (Pogg.), 

67  (1846),  233;  PhU.  Mag.  29  (1846),  40. 

1845:  18.  A.  Sohbotteb.  Modifications  apport^es  k  certaines  reactions 
chimiques  par  une  tr^s-basse  temperature.  (Platinum  sponge 
without  effect  on  knallgas.)  Pt. 

C.  B.  20  (1845),  193;  Ann.  der  Phys.  (Pogg.),  64  (1845),  471. 


84  BIBLIOQBAPHY  OP  MBTALS  OF  THE  PLATINUM  GROUP 

1845:  19.    p.  EiEflS.    XJeber  das  Gliihen  und  Schmelzen  von  Metall- 

drahten  durch  Elektricitat.  Pt. 

Abh.  Acad.  BerUn,  1845,  89;  Ber.  Acad.  BerUn,  1845,  185;  Ann. 

der  Phys.   (Pogg.),  65   (1845),  481;  Scientif.  Mem.  (Taylor),  4 

(1846),  432;  BerzeUus  Jab.  26  (1847),  1. 

1846:  20.  N".  W.  Fischeb.  Ueber  das  Vermogen  mehrerer  gas-  nnd 
dunst-fonnige  Korper  zu  polarisiren  und  auf  lodkaliuin,  Cyan- 
eisenkalimn^  etc.,  zersetzend  einzuwirken.  Pt. 

J.  prakt.  Cbem.  34  (1845),  186;  BerzeUus  Jsb.  26  (1847),  8. 

1845:  21.  J.  C.  Poggbndobff.  [Galvanische  Reihe  in  Cyankalimn- 
loeung.]  Pt,  Pd. 

Ann.  der  Phys.  (Pogg.),  66  (1845),  597;  BerzeUus  Jsb.  26  (1847),  12. 

1846:  1.    R.  I.  MuBCHisoN.    Platinum  of  the  TJral  and  Siberia.         Pt 
Amer.  J.  of  Sci.  [2],  2  (1846),  120;  from  "Russia  and  the  Ural." 

1846:  2.  J.  Pbitzbche.  Ueber  eine  vortheilhafte  Methode  der  Auf- 
schliesaung  des  Osmium-Iridiums.  Os,  Ir,  Pt,  Pd,  Rh,  Ru. 

Bull.  Acad.  Sci.  St.  Pfitersb.  5  (1847),  186;  J.  prakt.  Ghem.  37 
(1846),  483;  J.  de  Pharm.  1846,  Sept.;  Phil.  Mag.  [3],  29  (1846). 
420;  Polyt.  J.  (Dingier),  103  (1847),  155;  Ztsch.  anaL  Chem.  5 
(1866),  119;  Pharm.  Gentrbl.  .1846,  511;  BerzeUus  Jsb.  27  (1848). 
129. 

1846:  3.     SoHiiiDT  and  Johnston.    Sur  le  traitement  du  palladitiin-  Pd. 
G.  B.  22  (1846),  335;  Ann.  des  Mines  [4],  11  (1847),  525;  l*Institut, 
No.  634,  65;  Polyt.  J.  (Dingier),  99  (1846),  482;  Berg  u.  Hutten 
Ztg.  5  (1846),  793;  Ghem.  tech.  Mitth.  (Eisner),  1  (1846-48).  34. 

1846:  4.     G.  Osann.    Platin  im  oxydirten  Zustande.  Pt 

Ann.  der  Phys.  (Pogg.),  67  (1846),  374;  Pharm.  Gentrbl.  1846,  59L 

1846:  5.    W.  Knop  and  G.  H.  E.  Sohnbdebmann.    Ueber  die  Cyanrer- 

bindungen  des  Platins.  Pt. 

J.  prakt.  Ghem.  37  (1846),  461;  Ann.  Ghem.  (Liebig),  64   (1847). 

300;  J.  de  Pharm.  10  (1846),  223;  Pharm.  GentrbL   1846,  633; 

BerzeUus  Jsb.  27  (1848),  192. 

1846:  6.    W.  Haidinqbb.    Merkwiirdige  Farbenvertheilung  am  Cyan- 

platinmagneeium.  Pt 

Haidinger  Ber.  1  (1846),  3;  Ann.  der  Phys.  (Pogg.),  68  (1846),  3>(fiL 

1846:  7.  C.  Claus.  Ueber  die  chemisehen  Verhaltnisse  des  Rutiien- 
iums,  verglichen  mit  denen  des  Iridiums.  Ru,  Ir. 

BuU.  Acad.  Sci.  St.  P^tersb.  6  (1847),  241;  Ann.  Ghem.  (laebig). 
59  (1846),  234;  Ann.  des  Mines  [4],  11  (1847),  526;  J.  prakt. 
Ghem.  39  (1846),  88;  J.  de  Pharm.  11  (1847),  76,  137;  PhiL  Mag. 
[3],  29  (fB46),  556;  Pharm.  Gentrbl.  1846,  817;  Berzelios  JsK 
27  (1848),  116  (with  criticism  by  Berzelius),  132. 
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1846:  8.    C.  Claus.    Test  for  ruthenium.     (Fusion  with  salpeter  and 
potash.)  Bu. 

The  ChemiBt,  1846,  Jan.  1;  Amer.  J.  of  Sci.  [2],  2  (1846),  111. 

1846:  9.    L.  F.  Svanbebo.     (Osraic  acid.)  Os. 

Oefversigt.  Akad.  Forhand.  3  (1846),  36;  Berzelius  Jsb.  26  (1847), 
181. 

1846:  10.    J.  Fbitzsche  and  H.  Stbuvb.    TJeber  die  Osman-osmium- 
saure.  Os. 

Bill.  Acad.  Sci.  St.  P^tersb.  6  (1848),  81;  Ann.  Chem.  (Liebig),  64 
(1847),  263;  Ann.  des  Mines  [4],  15  (1849),  149;  J.  de  Pharm.  [3], 
12  (1847),  304  (with  Gerhardt's  comments);  J.  prakt.  Chem.  41 
(1847),  97;  PhiL  Mag.  [3],  31  (1847),  534;  Pharm.  Centrbl.  1847, 
385;  Jsb.  Chem.  1847-48,  461;  Bapp.  Ann.  (Berzelins),  1847,  92; 
I'Institut,  17  (1849),  143;  BerzeUns  Jsb.  27  (1848),  155. 

1846:  11.    Raewsky.    Becherches  sur  les  divers  composes  platiniquea 
d6riv6s  du  sel  vert  de  Magnus.  Pt. 

C.  B.  23  (1846),  353;  24  (1847),  1151;  25  (1847),  794;  Ann.  chim. 
phys.  [3],  22  (1848),  278;  J.  de  Pharm.  [3],  12  (1847),  223;  14 
(1848),  315  (with  Gerhardt's  comments);  Ann.  Chem.  (Liebig),. 
64  (1847),  309;  68  (1848),  316;  Pharm.  CentrbL  1847,  636;  1848^ 
109;  Jsb.  Chem.  1847-48,  455;  J.  Chem.  Soc.  1  (1848^  189;  Ber- 
zelins Jsb.  28  (1849),  158. 

1846:  12.    H.  Bose.    TJeber  die  Einwirkung  des  Wassers  auf  (Jhlor- 
metalle.  Pt,  Pd. 

Ber.  Acad.  (Berlin),  1846,  186;  Ann.  der  Phys.  (Pogg.),  68  (1846),. 
444,  445;  J.  prakt.  Chem.  38  (1846),  498. 

1846:  13.     C.  B.  Fbesenius.    TJeber  die  Loslichkeitsverhaltnisse  von 

einigen  bei  der  quantitativen  Analyse  als  Bestimmungsformen^ 

etc.,  dienenden  Niederschlagen.     (Solubility  of  ammonium  and 

potassium  platinichlorid  in  alcohol.)  Pt. 

Ann.  Chem.  (Liebig),  59  (1846),  117;  Pharm.  Centrbl.  1847,  36. 

1846:  14.    L.  Cbosnibb.     Sur  Taction  p6ciproque  de  quelques  sulfures 
metalliques  naturels,  et  des  sels  de  platine.  Pt. 

C.  B.  23  (1846),  217. 

1846:  15.     B.  Habe.     Fusion  of  iridium  and  rhodium.  Ir,  Bh. 

Amer.  J.  of  Sci.  [2],  2  (1846),  365;  Bct.  scient.  9  (1846),  233; 
Pharm.  Centrbl.  1847,  415;  Berzelius  Jsb.  28  (1849),  76. 

1846:  16.    L.  Elsner.    Beobachtungen  liber  das  Verhalten  regulini- 

scher  Metalle  in  einer  wassrigen  Losung  von  Cyankalium.     (Plati-^ 

num  not  soluble  when  used  as  anode.)  Pt. 

J.  prakt.  Chem.  37  (1846),  441;  Polyt.  J.  (Dingier),  101  (1846),  117; 

Pharm.  CentrbL  1846,  652;  Berzelius  Jsb.  27  (1848),  8. 
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1846:  17.    L.  Playpair  and  J.  P.  Joule.    Besearchee  on  atomic  toI- 

nmes  and  specific  gravity.    (Pt,  Pd,  Rh,  Os,  Ir,  pp.  6B,  63;  Pt 

sponge,  69;  R,  72;  PtS,  PdS,  89;  allotropic  conditions  of  Ir,  Os, 

97;  R,  98.)  R,  Pd,  Rh,  Ir,  Os. 

Proo.  Chem.  Soo.  London,  3  (1846),  57;  PhU.  Mag.  27  (1845),  474. 

1846:  18.    ToNNBLiBR.    Einfaches  Yerfahren,  chemische  (Masse  Ton 
Oyps  zn  reinigen.    (Boiling  with  solution  of  potassium  carbon- 
ate.) Pt 
Pharm,  CentrbL  1846,  271. 

1846:  19.    M.  Faraday.    Magnetism  and  diamagnetism  of  metals. 

R,Pd,Bh,Ir,08. 
Phil.  Trans.  London,  136  (1846),  47;  Ann.  der  Phys.  (Poglg.),  70 
(1847),  36;  BibL  Univ.  Arch.  2  (1846),  145. 

1846:  20.  C.  P.  Sceon3EIN.  On  the  influence  exerted  by  electricity, 
platinum,  and  silver  upon  the  luminosity  of  phosphorus.  Pt 

Proo.  Chem.  8oc  Lond.  3  (1846),  104;  Ann.  der  Phys.  (PogST.),  68 
(1846),  37;  PhlL  Mag.  [3],  29  (1846),  122. 

1846:  21.    E.  Becquerbl.    Becherches  sur  la  conductibilit^  ^lectrique 
des  corps  solides  et  liquids.    (Conductiyity  of  platinum  and  palla- 
dium.) Pt^Pd. 
C.  R.  22  (1846),  416;  Ann.  chlm.  phys.  [3],  17  (1846),  242;  Ann. 
der  Phys.  (Pogg.),  70  (1847),  243;  Amer.  J.  Sd.  8  (1849),  185; 
Jsb.  Chem.  1847-48,  289. 

1846:  22.  W.  B.  Grove.  On  certain  phenomena  of  voltaic  ignition, 
and  the  decomposition  of  water  into  its  constituent  gases  by  heat 
(Decomposition  by  platinum  and  osmiridium.)    Bakerian  Lecture. 

R,08,Ir. 
Phil.  Trans.  London,  137  (1847),  1,  17;  Proc  Roy.  Soc  Iiondon,  3 
(1851),  657;  PhiL  Mag.  [3],  31  (1847),  20,  91,  96;  Ann.  chim. 
phys.  21  (1847),  129;  BibL  Univ.  Arch.  5  (1847).  18, 112;  J.  prekt. 
Chem.  43  (1848),  309;  J.  de  Pharm.  12  (1847),  154;  14  (1848),  29; 
Ann.  Chem.  (Liebig),  63  (1847),  1;  Ann.  der  Phys.  (Fogg.),  71 
(1847),  194;  Pharm.  CentrbL  1847,  632. 

1847:  1.    Maximilian  Herzog  von  Lbuohtenbero.    Weitere  Unter- 

suchungen  dee  sehwarzen  Niederschlages,  weleher  sich  an  der 

Anode  bei  der  Zersetzung  des  Kupfervitriols  durch  den  galran* 

ischen  Strom  bildet.     (Platinum  in  copper  ores.)  Pr. 

BuU.  Acad.  Sd.  St  P^tersb.  6   (1848),  129;  J.  prakt  Chem.  41 

(1847),  222;  Polyt  J.  (Dingier),  106  (1847),  35;  Jsb.  Chem.  1847- 

48, 1022;  Berzelins  Jsb.  28  (1849),  85. 

1847:  2.     MoLNAR.     (Platinum  in  sand  from  OhlApian,  Hungary.)     Pt 
Haidinger  Ber.  3  (1847),  412,  475;  Jsb.  Chem.  1847-48,  1152. 
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1847:  8.    KoPBTZKY  and  A.  Patera.    (Platinum  not  in  Ohldpian  sand.) 
Haidinger  Ber.  3  (1847),  439;  Jab.  Chem.  1847-48,  1152.  R. 

1847:  4.    C.  TJ.  Shepard.    Native  platinum  in  North  Carolina.    (Ruth- 
erford Co.)    (Mistake,  see  1892:  1.)  Pt. 
Amer.  J.  Sci.  [2],  4  (1847),  280;  Ann.  der  Phys.  (Fogg.),  74  (1848), 
320;  J.  prakt.  Chem.  46  (1848),  454;  Phahn.  CentrbL  1848,  511; 
Jsb.  1847-48,  1152;  Berg  nnd  Hiitten  Ztg.  8  (1849),  79. 

1847:  4i.  QuiNTUS  Icilius.  Die  Atomgewichte  vom  Palladium, 
Kalium,  Chlor,  Silber,  Kohlenstoff,  und  Wasserstoflf,  nach  der 
Methode  der  kleinsten  Quadrate  berechnet.  Inaug.  Diss.  (Jot- 
tingen,  1847.     (Pd  =  111.879.)  Pd. 

1847:  5.    M.  Pettbnkofer.     TJeber  die  Affinirung  des  Goldes  und 

iiber  die  grosse  Verbreitimg  des  Platins.  Pt. 

Gelehrte  Anz.  Miinchen,  24  (1847),  589;  Bull.  Akad.  Sci.  Miinchen, 

1847,  101;  Polyt.  J.  (Dingier),  104  (1847),  118,  198;  Ann.  Chem. 

(Liebig),  64  (1847),  294;  Bepert.  der  Pharm.  1847,  72;  Pharm. 

CentrbL  1847,  766;  Berzelins  Jsb.  28  (1849),  85. 

1847:  6.  H.  Hess.  Note  sur  le  traitement  du  mineral  de  platine. 
(Fusion  with  zinc.)  R,  Pd,  Eh,  Ir,  Os,  Ru. 

Bull.  Acad.  ScL  St.  P^tersb.  6  (1848),  80;  Ann.  Chem.  (Liebig),  64 
(1847),  267;  Ann.  des  Mines  [4],  15  (1849),  149;  19  (1851),  415; 
llnstitnt,  17  (1849),  144;  J.  prakt.  Chem.  40  (1847),  498;  Polyt. 
J.  (Dingier),  104  (1847),  468;  J.  Frank.  Inat.  [3],  15  (1848),  388; 
Jsb.  Chem.  1847-4B,  453;  Civ.  Eng.  and  Arch.  Joum.  ; 

Chem.  tech.  Mitth.  (Eisner),  1  (1846-48),  48;  Berzeliua  Jsb.  28 
(1849),  85. 

1847:  7.    C.  Claus.    Beitrage  zur  Chemie  der  Platinmetalle.     (Iridium 
chlorid,  and  sulfites,  p.  273;  osmium  sulfites,  278;  platinum  sul- 
fites, 287;  ruthenium  sulfites,  288.)  Pt,  Pd,  Eh,  Ir,  Os,  Eh. 
Bull.  Acad.  Sci.  St.  P^tersb.  6  (1848),  273;  Ann.  Chem.  (Liebig), 
63  (1847),  337;  J.  prakt.  Chem.  42  (1847),  348;  J.  de  Pharm.  [3], 
14  (1848),  385;  Pharm.  Centrbl.  1847,  849,  867;  Jsb.  Chem.  1847-48, 
453,  457,  458,  461;  l*In8titnt,  17  (1849),  143,  244;  Ann.  des  Mines 
[4],  19  (1851),  415;  Phil.  Mag.  [3],  35  (1849),  396;  Amer.  J.  Sci. 
[2],  9  (1850),  422;  Berzelins  Jsb.  28  (1849),  76. 

1847:  8.    C.  Claus.     [Iridiumchlorid.]  Ir. 

BerzeUns  Jsb.  26  (1847),  262. 

1847:  9.  C.  Claus.  [Verhalten  des  Iridiums  gegen  sehmelzendes  Kali 
imd  Salpeter.]  Ir. 

Berzelins  Jsb.  26  (1847),  184. 

1847:  10.  C.  Claus  (J.  J.  Bbrzelius).  [Vorkommen  des  Euthen- 
iums,  Methode  auszuziehen,  imd  Beschreibung  der  Salze.]     (This 


88  BIBLIOGRAPHY   OF  METALS   OF  THE   PLATINUM   GROUP 

contains  Berzelius'  criticism  of  Ckns'  discovery  that  the 
3KCl,IrCl3  of  Berzelius  is  really  2KC1,  RuCl^— in  reality  it  is 
2KC1,  RUCI3NO,  see  1889:  9  and  1894:  11.)  Ru,  Ir. 

Berzelius  Jsb.  26  (1847),  181. 

1847:  11.    N.  W.  Fischer.    Zur  Geschichte  des  Palladiums.     (Verhalt 
zu  Sauren,  Pogg.  71  :  432;  zu  Alkalien,  437;  Doppelsalze,  440.> 

Pd. 

Uebers.  Schles.  Gesell.  Breslau,  1847,  30;  Ann.  der  Phys.  (Pogg*.)* 

71   (1847),  431;  Ann.  Chem.    (Liebig),  64   (1847),   260;   Pharm. 

CentrbL   1847,  554;  Jsb.  Chem.   1847-48,  457;  Berzelius  Jsb.  2S 

(1849),  86. 

1847:  12.     C.    Claus.     [Platin    Ammoniak:    Neue    Basis    aus    einem 
Atome  Platinoxyd  nnd  zwei  Aequivalente  Ammoniak.]  Pt. 

Berzelius  Jsb.  26  (1847),  180. 

1847:  13.    M.  Peyrone.    Richerche  comparative  sopra  alcuni  isomeri 

del  sal  verde  di  Magnus.  Pt. 

Mem.  Acad.  Torino.  10  (1849),  171;  Ann.  Chem.  (Liebig),  61  (1847), 

178;  Pharm.  Centrbl.  1847,  411;  Jsb.  Cheni.  1847-48,  454;  BerzeUus. 

Jsb.  28  (1849),  154. 

1847:  14.     B.  Quadrat.    XJeber  Verbindungen  des  PlatincyanQrB  mit 
Cyanmetallen  und  iiber  die  Platinblausaure.  Pt. 

Abhandl.  Bohm.  Gesel.  [5],  5  (1847),  16;  Sitzber.  Akad.  Wicn. 
3  (1849),  10;  Ann.  Chem.  (Liebig),  63  (1847),  164;  65  (1848).  249; 
70  (1849),  300;  J.  de  Pharm.  [3],  12  (1847),  457;  Pharm.  CentrbL 
1848,  97;  1849,  657;  Jsb.  Chem.  1847-48,  482;  1849,  301;  Berzelius 
Jsb.  28  (1849),  147. 

1847:  15.     C.  Eammelsbero.     XJeber  ein  neues  Knliumkupfercyanur. 
(Mercury  platinocyanid.)  Pt. 

Ann.  der  Phys.  (Pogg.),  73  (1848),  117;  J.  prakt.  Chem.  41  (1847), 
184;  Ber.  Acad.  Berlin,  1847,  115;  Jsb.  Chem.  1847-48,  484. 

1847:  16.    A.  Laurent.     Sur  les  polycyanures.     (Important  article  on 
theory  of  double  cyanids.)  Pt. 

C.  R.  26  (1848),  295;  J.  prakt.  Chem.  42  (1847),  128;  Pharm. 
Centrbl.  1848,  423;  Jsb.  Chem.  1847-48,  484. 

1847:  17.    W.  Haidinger.     Ueber  das  Schillem  der  KrystaUflachen. 
(Platinocyanids  of  magnesium,  barium,  and  potassium,  and  plati- 
num oxalate.)  Pt. 
Haidinger,  Ber.  2   (1847),  98;  Haidinger  Abhandl.  1   (1847),  14-3; 
Ann.   der  Phys.    (Pogg.),  70    (1847),  574;   71    (1847),    321;   Jsb. 
Chem.  1847-48,  195. 

3847:  18.     W.     Haidinger.     Platinverbindungen     mit     schillemden 
Flachen.     (Cyanids  and  oxalate.)  Pt. 

Haidinger,  Ber.  2  (1847),  198,  263. 
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1847:  19.    W.  Hittorp.    Ueber  die  Bildung  einer  blauen  Oxydation&- 

stufe  des  Platins  ....  auf  galvanischem  Wege.  Pt. 

Ann.  der  Phys.  (Poggr.),  72  (1847),  481;  Ann.  Chem.  (Liebig),  64, 

(1847),  268;  J.  prakt.  Chem.  42  (1847),  469;  Pharm.  Centrbl.  1848, 

23;  Jsb.  Chem.  1847-48,  453;  Berzelius  Jsb.  28  (1849),  84. 

1847:  20.    L.  Kessler.    Note  sur  Temploi  de  l'ac6tate  ferreux  comme 

moyen  de  separation  de  Fargent.     (Precipitation  of  platinum  by 

iron  sulfate  with  acetic  acid.)  Pt. 

J.  de  Pharm.  [3],  11  (1847),  86;  Palomba,  Raccolta,  3  (1847),  379; 

Pharm.  Centrbl.  1847,  413. 

1847:  21.    B.  Hare.     On  certain  improvements  in  the  construction  and 

supply  of  the  hydro-oxygen  blowpipe,  by  which  rhodium,  iridium^ 

or  the  osmiuret  of  iridium,  also  platinum  in  the  large  way,  have 

been  fused.  Pt,  Ir,  Rh,  Os» 

J.  Frank.  Inst.  [3],  13  (1847),  196;  Amer.  J.  Sci.  [2],  4  (1847),  37; 

PhiL  Mag.  [3],  31  (1847),  147,  356;  Polyt.  J.  (Dingier),  108  (1848), 

270. 

1847:  22.    R.  Hare.     Apparatus  for  the  fusion  of  iridium  or  rhodium, 
or  masses  of  platinum  less  than  five  ounces  in  weight.     Pt,  Ir,  Rh. 
J.  Frank.  Inst.  [3],  14  [1847],  128. 

1847:  23.    H.  H[ess].     Schmelzbarkeit  des  Iridiums,  des  Osmiridiums 
und  des  Rhodiums.  Pt,  Ir,  Os,  Rh. 

Berg  und  Hiitten  Ztg.  6  (1847),  107. 

1847:  24.    P.  Ludersdorfp.     (Platinum  on  porcelain.)  Pt. 

Verh.  Gew.  Bef.  Preus.  1847,  ii,  67;  Polyt.  J.  (Dingier),  105  (1847)^ 
36;  Jsb.  Chem.  1847-48,  1067;  Chem.  tech.  Mitth.  (Eisner),  1 
(1846-48),  18. 

1847:  25.    Mention  and  Wagner.    Platin  als  Legirung  zu  Schmuck- 
sachen,  etc.  Pt. 

Brevets  d'Invention,  1847,  425;  Polyt.  Centrbl.  1848,  Mar.  1;  Polyt. 
J.  (Dingier),  108  (1848),  396. 

1847:  26.    G.Wilson.     On  the  decomposition  of  water  by  platinum  and 
the  black  oxide  of  manganese  at  a  white  heat,  with  some  observa- 
tions on  the  theory  of  Mr.  Grove's  experiments.  Pt. 
Proc.  Chem.  Soc.  Lond.  3  (1847),  332;  Trans.  Scot.  Soc.  Arts,  3 
(1851),  170;  Edinb.  N.  Phil.  J.  43  (1847),  244;  Chem.  Gaz.  5  (1847)^ 
198;  Phil.  Mag.  31  (1847),  177. 

1847:  27.    J.  Lamont.    Eeduction  der  Schwingungen  eines  Magnets 
auf  den  luftleeren  Baum.     (Polaritat  des  Palladiums  und  Plat- 
inums.) Pt,  Pd. 
Ann.  der  Phys.  (Pogg.),  71  (1847),  128. 
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1848:  1.  E.  GuEYMARD.  M6moire  historique  but  la  dteouyerte  du 
platine  dans  les  Alpes.  Pt. 

Moniteur  Indust.  1848,  Sept.  14;  J.  prakt.  Chem.  45  (1848),  454; 
C.  R.  29  (1849),  814;  Ann.  des  Mines  [4],  14  (1848),  331;  16  (1849), 
495;  Ann.  der  Phys.  (Pogg.),  79  (1850),  480;  Amer.  J.  ScL  [2],  7 
(1849),  137;  Phil.  Mag.  [3],  36  (1850),  323;  Jab.  Chem.  1849,  726; 
Polyt.  J.  (Dingier),  115  (1850),  395;  Berg  nnd  Hiitten  Ztg.  9 
(1850),  479. 

1848:  2.    A.  Fabbb.    Producte  Ostindiens.    (Flatiniun  in  Burmali.)  Pt 

Pharm.  Centrbl.  1848,  569. 

1848:  3.    M.  Pettbnkofbb.    TJeber  die  grosse  Yerbreitimg  des  Platins 

tind  sein  Yorkommen  in  alien  giildischen  Silbermiinzen.  Pt. 

Bull.  Akad.  Miinchen,  1848, 142;  Ann.  der  Phys.  (Pogg.),  74  (1S48), 

316;  Rep.  fiir  Pharm.  (Buchner)  [2],  47  (1847),  72;  Beyne  scien- 

tiflque,  5  (1849),  231;  Jsb.  Chem.  1847-48,  453. 

1848:  4.  C.  F.  Plattkbb.  TJntersuchung  des  Buckstandes  yon  der 
Freiberger  Silberen-Amalgamation  auf  einen  Oehalt  an  Gold  und 
Platin.  Pt 

Berg  und  Hiitten  Ztg.  7  (1848),  628. 

1848:  6.    N.  W.  Fischeb.     TJeber  die  salpetrichsauren  Salze.      (Sal- 

petrichsaures  Palladiumozydkali.)  Pd. 

Uebers.  Schles.  Gesel.  Breslau,  1848,  31;  Ann.  der  Phys.  (Po^g.)t 

74  (1848),  123;  J.  prakt.  Chem.  46  (1849),  318;  Pharm.  CentrbL 

1848,  401. 

1848:  6.  Baewsky.  M6moire  sur  les  combinaisons  da  platine  avec  la 
nicotine.  Pt, 

C.  B.  27  (1848),  609;  Ann.  chim.  phys.  [3],  25  (1849),  332;  J.  prakt 
Chem.  46  (1849),  470;  Ann.  Chem.  (Liebig>,  70  (1849),  23S; 
Pharm.  Centrbl.  1849,  329. 

1848:  7.    Baewsky.    Becherches  sur  les  sels  anilicoplatiniques.        Pt 
C.  B.  26  (1848),  424;  Pharm.  Centrbl.  1848,  400;  Jab.  Chem.  1S47-4S, 
655. 

1848:  8.  J.  Blyth.  On  the  composition  of  coniine,  and  its  products  of 
decomposition.     (Action  of  platinum  chlorid.)  Pt. 

Q.  J.  Chem.  Soc.  1  (1848),  345;  Ann.  Chem.  (Liebig),  70  (1849),  73. 

1848:  9.  F.  M.  Baumert.  Analyse  des  Platincyanmagnesiumsalz  des 
Quadrafs.  Pt 

Ann.  Chem.  (Liebig),  65  (1848),  250,  foot-note;  Jsb.  Chem.  1847-IS, 

484. 

1848:  10.    Lyons  and  Millwabd.    Alloy  of  copper  with  platinum  and 

palladium.  Pt,  Pd. 

Repert.  Patent  Invent,  Feb.  1848,  114;  Polyt.  J.   (Dingier),  108 

(1848),  398. 
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1848:  11.  G.  OsANN.  Ueber  die  Bestinunimg  specifischer  Gtewichte 
fester  Eorper.    (Specific  gravity  of  platinum.)  Pt. 

Ann.  der  Phys.  73  (1848),  605;  Phsrm.  Centrbl.  1848,  330;  Jsb. 
Chem.  1847-48,  38. 

1848:  12.  O.  Bose.  Nachtragliche  Bemerktrngen  iiber  das  specifische 
Qewicht  des  pulverformigen  Platins.  Pt. 

Ann.  der  Phys.  (Pogrg.),  73  (1848),  13;  75  (1848),  403;  Ann.  Chem. 
(Liebig),  68  (1848),  159;  Pharm.  Centrbl.  1848,  01;  Jsb.  Chem. 

1847^8,  37. 

1849:  1.    J.  J.  Ebblmen.    Bapport  sur  Texistence  du  platine  dans  cer- 
tains minerais  du  d^partement  de  Plsire.  Pt. 
Ann.  des  Mines  [4],  16  (1849),  505. 

1849:  2.    .    Platinum  in  California.  Pt. 

Amer.  J.  Sci.  [2],  8  (1849),  294;  Edinb.  N.  Phil.  J.  48  (1850),  185. 

1849:  3.    .     Sur  la  production  des  mines  d*or  et  de  platine 

de  rOural  en  1849.  Pt,  Ir,  Os. 

Ann.  des  Mines  [4],  16  (1849),  531. 

1849:  4.  P.  Jewbbinow.  Ueber  ein  schwarzes  Salz,  das  man  bei  Aus- 
scheidung  des  Iridiums  aus  Platinriickstanden  erhalt.  (Potas- 
sium iridium  chlorid.)  Ir. 

Berg  Journal  (St.  Petersburg),  1849,  Th.  1,  Heft  3;  Berg  und 
Hutten  Ztg.  12  (1853),  193. 

1849:  5.    A.  Schbotteb.    TJeber  die  auf  directem  Wege  darstellbaren 
Yerbindimgen  des  Phosphors  mit  den  Metallen.    (Union  of  phos- 
phorus with  platinum  and  palladium.)  Pt,  Pd,  Ir. 
Sitzber.  Acad.  Wien.  2  (1849),  301. 

1849:  6.  A^AUBENT  and  C.  Gebhabdt.  De  Taction  de  Tammoniaque 
sur  le  chloroplatinate  d'ammoniaque.  (Theory  of  platinum  bases 
and  double  cyanids.)  Pt. 

Laurent  et  Gemhardt,  C.  B.  1849,  113;  1850,  145;  Ann.  Chem.  (Lie- 
big),  73  (1850),  223;  J.  prakt.  Chem.  46  (1849),  511;  Chem. 
Centrbl.  1850,  437,  471;  Jsb.  Chem.  1849,  289;  1850,  360. 

1849:  7.  W.  Haidingeb.  Ueber  die  Formen  und  einige  optische 
Eigenschaften  der  Magnesium-Platin-Gyaniire.  Pt. 

Sitzber.  Acad.  Wien.  1849,  20;  Ann.  der  Phys.  (Pogg.),  77  (1849), 
89;  Jsb.  Chem.  1849, 122. 

1849:  8.  F.  Bbauell.  De  acidi  osmici  in  homines  et  animalia  effectu. 
Casani,  1849.  Os. 
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1849:  9.    M.  Pettenkofer.    Ueber  die  Bestandtheile  der  Schlacken^ 

welche  beim  Schmelzen  des  Scheidegoldes  mit  Salpeter  gebildet 

werden,  und  liber  deren  Benutzjjng.  Pt,  Pd.  Os» 

Polyt.  J.  (Dingier),  111  (1849),  357;  Jsb.  Chem.  1849,  635;  Polyt. 

Centrbl.  (1849),  926,  933. 

1849:  10.     G.  Eosb.    Ueber  die  Krystallfonn  der  rhomboedrischen  Me- 

talle,  namentlich  des  Wismuths.     (Auch   Palladiums,  Iridiums' 

imd  Osmiums.)  ^.  "  Pd,  Ir,  Os. 

Abhandl.  Acad.  Berlin  (Phys.),  1849,  72;  Ber.  Acad.  Berlin,  1849, 

137;  Ann.  Chem.  (Liebifir),76  (1850),  245;  Ann.  der  Phys.  (Pogg.),. 

77  (1849),  149;  J.  prakt.  Chem.  49  (1850),  163;  Jbuch  Min.  1849, 

566;  rinstitut,  1849,  342;  Pharm.  Centrbl.  1849,  489;  Jsb.  Chem. 

1849,  13. 

1849:  11.    A.  Salvetat.     Note  sur  un  nouvel  emploi  du  platine  dans 

la  peinture  sur  porcelaine.  Pt. 

Ann.  chim.  phys.   [3],  25   (1849),  342;  Ann.   Chem.    (Liebig^),  7E 

(1849),  263;  Ann.  des  Mines  [4],  19  (1851),  414;  J.  prakt.  Chenu 

47  (1849),  232;  Pharm.  Centrbl.  1849,  260;  Polyt.  J.  (Dlngler)» 

112  (1849),  45;  Jsb.  Chem.  1849,  652. 

1849:  12.    J.  Field.     On  the  chemical  combinations  induced  in  gaseous 
mixtures  by  contact  with  certain  metals,  with  especial  reference  to 
the  action  of  spongy  platinum  on  mixtures  of  oxygen  and  hydro- 
gen.    (Cause.)  Pt. 
Pharm.  Journ.  and  Trans.  8   (1849),  381;  Pharm.  Centrbl.  1849,. 
381. 

1849:  13.    C.  Despketz.     Sur  la  fusion  et  la  volatilization  des  corps 

r6fractaires.    Note  sur  quelques  experiences  faites  ayec  le  triple 

concour  de  la  pile  voltai'que,  du  soleil,  et  du  chalumeau.     Pt,  Pd. 

C.  R.  29  (1849),  545;  Ann.  des  Mines  [4],  19  (1851),  333;  I'lnstitut, 

811.  226;  829,  368;  Chem.  Centrbl.  1850,  22. 

1850:  1.     C.  DE  Paravby.     Sur  quelques  passages  de  Pline  TAncien  qui 

semblent  pouvoir  se  rapporter  au  platine  (livre  33  : 3  et  34  :  16). 

C.  R.  31  (1850),  179.  Pt. 

1850:  2.    W.  Mallet.    On  the  minerals  of  the  auriferous  districts  of 

Wicklow.  Pt 

Journ.   GeoL   Soc.   Dublin,  4    (1850),   269;  Amer.  J.   Sci.    [3],   11 

(1851),  232;  Phil.  Mag.  [3],  37  (1850),  393;  Jsb.  Chem.  1850,  699. 

1850:  3.    B.  M.  Patterson.    Ueber  die  Bescbaffenheit  und  das  Vor- 

kommen  des  Goldes,  Platins  und  der  Diamanten  in  den  Vereinig- 

ten  Staaten.  Pt,  Ir,  Os. 

Ztsch.  Deutsch.  Geol.  Gesell.  2   (1850),  60;  Jahrbuch  Min.  1851» 

351;  Jab.  Chem.  1850,  698;  Berg  und  Hiitten  Ztg.  9  (1850),  609. 
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I860:  4.    J.  E.  Teschemacher.     Platinum  of  California.  Pt. 

Amer.  J.  Sci.  [2],  10  (1850),  121;  Edinb.  N.  PhiL  J.  51  (1851),  193; 
Chem.  CentrbL  1851,  640;  Jsb.  Chem.  1850,  699. 

1850:  6.    T.  Thomson.    Biographical  account  of  Dr.  WoUaston.    (Ac- 
count of  his  discoveries.)  Pt,  Pd,  Eh. 
Proc.  Phil.  SocV,  Glasgow,  3  (1850),  129. 

1850:  6.    E.  Fbemy.     Recherches  chimique  sur  Tor.     (Note  on  making 

platinates,  Ann.  chim.  phys.  31  :  482.)  Pt. 

C.  R.  31  (1850),  893;  Ann.  chim.  phys.  [3],  31  (1851),  478;  Ann. 

Chem.  (Liebigr),  79  (1851),  43;  J.  prakt.  Chem.  52  (1851),  159; 

J.  de  Pharm.  19  (1851),  84. 

1850:  7.    C.  A.  Wubtz.    Memoire  sur  tme  s^rie  d^alcaloides  homologues 

avec  Tammoniaque.      (Platino-  and  platinichlorids  of  methyl-, 

ethyl-,  and  amyl-amin.)  Pt. 

Ann.  chim.  phys.  [3],  30  (1850),  443;  J.  prakt.  Chem.  52  (1851), 

193;  Chem.  Centrbl.  1851,  166,  177;  Jsb.  Chem.  1850,  335,  443. 

1850:  8.    C.  Gerhabdt.    Eecherches  sur  les  combinaisons  ammoniacales 

du  platine.  Pt. 

Gerhardt  et  Laurent,  C.  R.  1850,  273;  C.  R.  31  (1850),  241;  Ann. 

Chem.  (Liebig),  76  (1850),  307;  Ann.  des  Mines  [4],  19  (1851), 

414;  J.  prakt.  Chem.  51  (1850),  351;  53  (1851),  345;  Chem.  CentrbL 

1851,  97. 

1850:  9.    J.  Schabus.    TJeber  die  Krystallformen  des  Barium-Platin- 
Cyaniirs.  Pt. 

Sitzber.  Acad.  Wien,  4  (1850),  569;  Jsb.  Chem.  1850,  360. 

1850:  10.    A.  Ebynoso.    De  Taction  des  bases  sur  les  sels,  et  en  parti- 

culier  sur  les  ars^nites.     (Eeduction  of  palladium  salts  by  silver 

arsenite.)  Pd. 

C.  R.  31  (1850)  68;  Ann.  chim.  phys.  [3],  33  (1851),  245;  J.  prakt. 

Chem.  51  (1850),  160;  54  (1851),  309. 

1850:  11.    A.  Masson.    Etudes  de  photometric  61ectrique.      (Spectre 
du  platine  incandescent.)  Pt. 

C.  R.  31  (1850),  887;  32  (1851),  127;  Ann.  chim.  phys.  [3],  31  (1851), 
323. 

1850:  12.    J.  p.  Joule.     On  some  amalgams.     (Platinum  amalgam, 
PtHg,.)  Pt. 

Rept.  Brit.  Assoc.  1850,  ii,  55;  Chem.  Gaz.  1850,  339;  I'lnstitut,  1850, 
327;  Jsb.  Chem.  1850,  333. 

1850:  13.    A.  Baudbimont.    Experiences  sur  la  t6nacit6  des  m^taux 
mall6ables.     (Tenacity  of  palladium  and  platinum.)  Pd,  Pt. 

Ann.  chim.  phys.   [3],  30  (1850),  304;  C.  R.  31   (1850).  115;  Ann. 
Chem.    (Liebig),   76    (1850),   123;   Ann.   der   Phys.    (Pogg.),   82 
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(1851),  156;  rinstitut,  18  (1850),  241;  J.  de  Pharm.  19  (1851),  206; 
Phil.  Mag.  [3],  37  (1850),  308;  Jab.  Chem.  1860,  78. 

1850:  14.    C.  Bbokeis.    IJeber  das  Plattiren  mit  Platinuin.  Pt. 

Polyt.  J.  (Dingier),  116  (1850),  283;  Jsb.  Chem.  1850,  631. 

1850:  15.    A.  Wagneb.    Ersatzmittel  dee  Schwammplatin  bei  Wein- 
geistgluhlampen.     (Chromate  of  copper.)  Pt. 

Polyt.  Centpbl.  16  (1850),  Nr.  1;  Polyt.  J.  (Dingier),  115  (1850), 
159;  Chem.  Centrbl.  1850,  157. 

1850:  16.    D.  Bbewsteb.    On  the  optical  properties  of  the  cyannrets  of 
platinuin  and  magnesia^  and  of  barytes  and  platinum.  Pt. 

Bept.  Brit.  Assoc.  1850,  ii,  5. 

1851:  1.    T.  S.  Hunt.     [Platinum  and  iridosmine  in  Canada.] 

Pt,Ir,OB. 
Beport  Geol.  Surv.  Canada,  1851-52,  120;  Amer.  J.  ScL   [2],  15 
(1853),  448;  Ann.  des  Mines  [5],  3  (1853),  683. 

1851:  2.    F.  A.  Gbnth.    Nord-Amerikanische  Mineralien,     (Platinum 

from  Lancaster  Co.,  Pa.)  Pt. 

Nord-Amer.  Monatsber.  2  (1851),  June;  J.  prakt.  Chem.  55  (1852)» 

254;  Chem.  Centrbl.  1851,  417;  Berg  n.  Hiitten  Ztg.  11  (1852),  328. 

1851:  3.    Q.  A.  Kbnnoott.    Irite.  Lr,  Os. 

Amer.  J.  8ci.  [2],  11  (1851),  232;  from  Mineral.  UnterBQchimgen» 
1,61. 

1851:  4.    J.  J.  Ebblman.     Sur  la  cristallisation  par  la  yoie  stehe.  (Arti- 
ficial octahedral  crystals  of  platinum.)  Pt. 

C.  B.  32  (1851),  710;  Ann.  Chem.  (Liebig),  80  (1851),  212. 

1851:  5.    F.  Clattdet.    On  a  class  of  ammoniacal  compounds  of  cobalt. 

(Platinum  salts  of  cobaltamins.)  Pt. 

Phil.  Mag.  [4],  2  (1851),  253;  Ann.  chim.  phys.  [3],  33  (1851),  483; 

J.  prakt.  Chem.  54  (1851),  270;  Chem.  Centrbl.  1851,  865;  J.  Chem. 

Soc.  4  (1851),  355. 

1851:  6.    H.  H.  Landolt.    IJeber  das  Stibmethyl  und  seine  Verbind- 
ungen.     (Double  chlorid  of  platinum  and  tetramethylstiboniunL) 

R. 

Mitth.  nat.  forsch.  Gesell.  Zurich,  2  (1850-52),  349,  524;  Ann.  chim. 

phys.   34    (1852),  226;  37    (1853),  60;  Ann.  Chem.   (Liebig),  78 

(1851),  91;  84  (1852),  44;  J.  prakt.  Chem.  52  (1851),  385;  57  (1852), 

129;  J.  de  Pharm.  20  (1851),  65;  Chem.  CentrbL  1852,  625. 

1851:  7.    A.  W.  Hofmann.    Eesearches  into  the  molecular  constitution 

of  the  organic  bases.    II.     (Platinum  bases,  p.  397.)  Pt. 

Phil.  Trans.  London,  141  (1851),  357;  Ann.  chim.  phys.   [3],  33 

(1851),  108;  Ann.  Chem.  (Liebig),  78  (1851),  253;  79,  11;  C.  B. 
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33  (1851),  95;  llnstitut,  19  (1851),  189;  J.  de  Pharm,  [3],  20 
(1851),  220;  J.  prakt.  Chem.  53  (1851),  390;  Laurent  et  Gerhardt^ 
C.  B.  1851,  189;  Q.  J.  Chem.  Soc.  4  (1852),  304;  Chem.  Centrbl. 
1851,  772,  787;  Jsb.  Chem.  1851,  496. 

1851:  8.    Q.  B.  Buckton.    Observations  upon  the  deportment  of  dipla- 

tosamine  with  cyanogen.  Pt. 

Q.  J.  Chem.  Soc.  4  (1851),  26;  Ann.  Chem.  (Liebig),  78  (1851),  328; 

J.  de  Pharm.  19   (1851),  393;  J.  prakt.  Chem.  53  (1851),  174; 

Laurent  et  Gerhardt,  C.  B.  1851,  91;  Chem.  Centrbl.  1851,  696; 

Jsb.  Chem.  1851,  370;  Ann.  chim.  phys.  (1851),  393. 

1851:  9.    J.  L.  Lassaigne.     Observations  snr  le  degr^  de  sensibility  des 
divers  r6actifs  par  Piode,  et  ses  divers  composes.    (Use  of  palla- 
dium salts.)  Pd. 
J.  chim.  m6d.  [3],  7  (1851),  142;  J.  de  Pharm.  19  (1851),  428. 

1851:  10.    A.  BuTLEROW.    Ueber  die  oxydirende  Wirknng  der  Osminm- 

sanre  auf  organische  Korper.  Os. 

BuU.  Acad.  Sci.  St.  Pfitersb.  10  (1852),  177;  Ann.  Chem.  (Liebig)^ 

84    (1852),   278;   J.  prakt.   Chem.   56   (1852),   271;   I'lnstitut,   20 

(1852),  249;  Jsb.  Chem.  1852,  429;  Melanges  phys.  chim.  Acad. 

St.  P6teT8b.  1  (1851),  355. 

1851:  11.  M.  G.  VON  Pauckeb.  Das  astronomische  Langenmaas. 
(Ausdehnnng  des  Platins.)  Pt. 

Bui.  Acad.  Sci.  St.  Pgtersb.  10  (1852),  209;  Jsb.  Chem.  1852,  2. 

1851:  12.  A.  Baudbimont.  Exp6riences  sur  r61asticit6  des  corps 
h6t6rophones.  Pt. 

Ann.  chim.  phys.  [3],  32  (1851),  288;  Jour,  fiir  Physik.  2  (1851), 
533;  Jsb.  Chem.  1851,  82. 

1851:  13.  A.  C.  Becquerel.  M6moire  snr  les  eflEets  61ectriques  pro- 
dnits  dans  les  tubercnles,  les  racines  et  les  fruits,  lors  de  I'intro- 
duction  d'aiguilles  galvanom6triques  en  platine.  Pt. 

C.  B.  32  (1851),  657;  M6m.  I'Institut,  23  (1853),  301. 

1852:  1.  E.  Gxjeymard.  Eeeherches  analytiques  du  platine  dans  le& 
Alpes.  Pt. 

Ann.  des  Mines  [5],  1  (1852),  345;  5  (1854),  165;  C.  B.  38  (1854), 
941;  40  (1855),  1274;  Arch,  des  sci.  phys.  nat.  27  (1854),  77;  Bui. 
G#oL  Soc.  Paris,  12  (1854-55),  429;  Jsb.  Chem.  1852,  831;  1854, 
807;  1855,  905;  I'Institut,  23  (18^5),  212;  Chem.  CentrbL  1855,  543; 
Berg  u.  Hiitten  Ztg.  12  (1853),  752. 

1852:  2.    r.  A.  Genth.     On  some  minerals  which  accompany  gold  in 

California.     (Platinum  and  osmiridium.)  Pt,  Ir,  Os. 

Proc.  Acad.  Nat.  Sci.  Phila.  6  (1852),  113;  Nord-Amer.  Monatsber* 

2  (1852),  205,  249;  Ann.  des  Mines  [5],  4  (1853),  130;  Amer.  J. 
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Sci.  [2],  14  (1852),  277;  Edinb.  N.  Phil.  J.  54  (1853),  182;  J.  prakt. 
Chem.  58  (1853),  245;  Chem.  CentrbL  1852,  72;  Jsb.  Chem.  1852, 
831;  Berg  u.  Hutten  Ztg.  12  (1853),  751. 

1852:  3.    F.  A.  Qenth.     On  a  probably  new  element  with  iridosmine 

and  platinum  from  California.  Pt,  Ir,  Os,  Pd,  Bh,  Ril 

Proc.  Acad.  Nat.  Sci.  Phila.  6  (1852),  209;  Amer.  J.  Sci.  [2],  15 

(1853),  446;  Ann.  dee  Mines   [5],  3  (1853),  683;  Chem.  Gaz.  11 

(1853),  145;  J.  prakt.  Chem.  59  (1853),  156;  Chem.  CentrbL  1853, 

366;  Jsb.  Chem.  1853,  389,  775. 

1852:  4.  C.  Palmstbdt.  Platina  funnen  vid  s&  kallad  skedning  af 
silfvermynt  vid  Kongl.  Myntet  i  Miinchen.  Pt. 

OfTers.  Vet.  Akad.  Forh.  Stockholm,  9  (1852),  220. 

1852:  6.    .    Bericht  iiber  die  Gold-  imd  Platina- Ausbeute  in 

Eussland,  im  Jahre  1851.  Pt. 

Russ.  Berg.  Journ.  1852,  i,  149,  311,  457,  461,  463;  Berg  u.  Hiitten 
Ztg.  12  (1853),  661. 

1852:  6.  C.  Kabmbodt  and  E.  Uhblaub.  Ueber  ein  neues  Iridinm- 
salz.     (Double  ehlorids  of  iridium  and  sodium  and  silver.)  Ir. 

Ann.  Chem.  81  (1852),  120;  J.  prakt.  Chem.  56  (1852),  190;  Chem. 
CentrbL  1852,  262;  Jsb.  Chem.  1851,  372. 

1852:  7.  Skoblikoff.  Eecherehes  sur  quelques  combinaisons  nouv- 
elles  d'iridium.     (Irid-ammonium  compounds.)  Ir, 

Bui.  Acad.  Sci.  St.  P^tersb.  11  (1853),  25;  Ann.  Chem.  (Liebig). 
84  (1852),  275;  Chem.  Gaz.  11  (1853),  29;  J.  prakt.  Chem.  58 
(1853),  31;  Amer.  J.  Sci.  [2],  16  (1853),  412;  Chem.  CentrbL  1852, 
833;  Jsb.  Chem.  1852,  428;  Melanges  phys.  chim.  Acad.  St. 
P^tersb.  1  (1852),  400. 

1852:  8.     G.  B.  Bi^ckton.     Observations  upon  a  new  series  of  double 

ehlorids  containing  diplatosammonium.  Pt, 

Q.  J.  Chem.  Soc.  5  (1852),  213;  Ann.  Chem.  (Liebig),  84  (1852), 

270;  J.  prakt.  Chem.  57   (1852),  367;  Chem.  CentrbL  1853,  218; 

Jsb.  Chem.  1852,  425. 

1852:  9.     T.Andrews.    On  the  atomic  weights  of  platinum  and  barium. 

(Pt  =  197.88.)  Pt. 

Kept.  Brit.  Assoc.  1852,  ii,  33;  Chem.  Oaz.  10   (1852),  379;  Ann. 

Chem.  (Liebig),  85  (1853),  255;  I'lnstitut,  20  (1852),  346;  J.  prakt 

Chem.  57  (1852),  377;  Jsb.  Chem.  1852,  425. 

1852:  10.  W.  Haidinger.  TJeber  den  Zusammenhang  der  Korperfar- 
ben  .  .  .  und  der  Oberflachenfarben  gewisser  Korper.  (Plati- 
num cyanids  and  oxalate,  palladium  chlorid  and  iridium  potassium 
chlorid.)  Pt,  Pd,  Ir. 

Sitzber.  Akad.  Wien.  8  (1852),  97;  Ann.  chim.  phys.  [3],  42  (1854), 
249. 
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1852:  11.    W.  Kxop.    Notiz  liber  den  Platinmohr  nnd  die  Aethylqueck- 
silberverbindung  von  Sobrero  und  Selmi.     (Platin  ethyl  com- 
pound.) Pt. 
J.  prakt.  Chem.  56  (1852),  312;  Chem.  Gaz.  10  (1852),  313;  Chem. 
Centrbl.  1852,  431;  Jsb.  Chem.  1852,  603. 

1852:  12.    H.  St.  Claike  Deville.    Note  but  la  temp6rature  produite 

par  la  combustion  du  charbon  dans  Fair.     (Furnace  for  fusing 

platinum.)  Pt. 

C.  B.  35  (1852),  796;  Polyt.  J.  (Dingier),  127  (1853),  114;  Berg  u. 

Hiitten  Ztg.  12  (1853),  537. 

1852:  13.    A.  T.  Kupffeb.     (Elasticity  of  platinum.)  R. 

Ann.  obs-phys.  centr.  Bnssie  (Kupifer),  1852,  ii;  Bui.  Acad.  Sci. 
St.  Pgtersb.  12  (1854),  129;  Melanges  phys.  chim.  Acad.  St. 
P^tersb.  1  (1853),  632;  Jsb.  Chem.  1853, 117. 

1853:  1.    H.  Muller.    Ueber  die  Palladamine.    Inaug.  Diss.  Gottin- 
gen,  1853.  Pd. 

Ann.  Chem.  (Liebig),  86  (1853),  341;  Ann.  chim.  phys.  [3],  40 
(1854),  321;  Amer.  J.  Sci.  [2],  16  (1853),  410;  Arch.  sci.  phys.  nat. 
23  (1853),  291;  J.  prakt.  Chem.  59  (1853),  29;  Chem.  Gaz.  11 
(1853),  241,  263;  Chem.  CentrbL  1853,  241,  261;  Jsb.  Chem.  1853» 
382. 

1853:  2.     A.  Bechamp.    Faites  pour  servir  k  Thistoire  analytique  du 
palladium  et  de  Targent.     (Cyanid  of  palladium  and  silver.)     Pd. 
J.  de  pharm.  [3],  23  (1853),  413;  J.  prakt.  Chem.  60  (1853),  64. 

1853:  3.    B.  Kersting.    Ueber  lodbestimmung.      (By  titration  with 

palladous  chlorid.)  Pd. 

Ann.  Chem.    (Liebig),  87    (1853),   19;  Ann.  chim.  phys.    [3],  41 

(1854),  493;  Chem.  Gaz.  12  (1854),  156;  Chem.  Centrbl.  1854,  65; 

Jsb.  Chem.  1853,  647. 

1853:  4.    J.  NiCKLES.    Eecherches  sur  le  polymorphisme.    (Crystalliza- 
tion of  palladium  and  iridium.)  Pd.  Jr. 
Ann.  chim.  phys.  [3],  39  (1853),  404  (Abstr.  Thesis,  Fac.  des  Sc 
Paris,  July  25,  1853);  J.  de  Pharm.  [3],  24  (1853),  5. 

1853:  5.    E.  R.  Schneider.    Bemerkungen  iiber  einige  Aequivalentzah- 
len  (des  Rhodiums  imd  des  Osmiums).  Rh,  Os. 

Ann.  der  Phys.  (Pogg.),  88  (1853),  314. 

1853:  6.    P.  A.  Bolley.    Die  bekannte  technisch  gebrauchten  Metall- 

legirungen  in  geordneter  Zusammenstellung  nach  Qualitat  und 

Quantitat  der  Bestandtheile.     (Platinum  alloys.)  Pt. 

Polyt.  J.  (Dingier),  129  (1853),  438  (from  Bolley 's  "  Handbuch  "); 

Chem.  Centrbl.  1854,  786. 
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1853:  7.    E.  Bottger.    Ueber  das  Verplatiniren  glasemer  und  porzel- 

lanener  Gefasse.  Pt. 

Ber.   Deutsch.   Nat.  Versamml.   1847,  364;  Jahrsber.  phy&  V*?r. 

Frankfurt  a  M.  1853-54;  1855-56,  24;  Polyt.  J.   (Dingier).   136 

(1855),  464;  Jsb.  Chem.  1855,  851;  1857,  273. 

1853:  8,    p.  Jewreinoff  [=  Jbwreinow].    (Platiniren  von  Eisen  und 
Kupfer.)  Pt 

La  technologiste;  Polyt.  Centrbl.  19  (1853),  509;  Chem.  CentrbL 
1853,  624;  Jahrb.  Phys.  Ver.  Frankfurt,  1853-54;  Polyt.  J.  (Ding- 
ier), 136  (1855),  464;  Polyt.  Notizbl.  (1853),  168;  Chem.  tech. 
Mitth.  (Eisner),  4  (1852-54),  154;  12  (1862-63),  139. 

1853:  9.     G.  G.   Stokes.     On  the  change  of  refrangibility  of  light. 

(Fluorescence  of  platinocyanids.)  Pt. 

Phil.  Trans.  London,  143    (1853),  395;  Proc.  Roy.  Soc.  London, 

1850-54,  333;  Ann.  der  Phys.  (Pogg.),  96  (1855),  541;  Phil.  Mag. 

[4],  10  (1855),  69,  95;  Jsb.  Chem.  1855, 132. 

1853:  10.     Q.  G.  Stokes.     On  the  metallic  reflection  exhibited  by  cer- 
tain non-metallic  substances.     (Magnesium  platinocyanid.)       P:. 
Phil.  Mag.  [4],  6  (1853),  398;  Ann.  der  Phys.  (Pogg.),  91  (1854). 
307;  Ann.  chim.  phys.  [3],  46  (1856),  504. 

1853:  11.     G.  Magnus.    Ueber  die  Verdichtung  der  Gase  an  der  Ober- 

flache  glatter  Korper.    (Condenwition  on  platinum  sponge.)      Vx. 

Ber.  Acad.  Berlin,  1853,  378;  Ann.  der  Phys.  (Pogg.),  89  (1SS3), 

604;  Ann.  chim.  phys.  [3],  39  (1853),  344;  Phil.  Mag.  [4],  6  (1S53>, 

334. 

1853:  12.     G.  Wiedemann  and  E.  Fbanz.    Ueber  die  Warmeleitun^^- 
fahigkeit  der  Metalle.     (Platinum  and  palladium,  p.  513.)   Pt,  Pd. 
Ann.  der  Phys.  (Pogg.),  89  (1853),  497;  Ann.  cnim.  phys.   [3],  41 
(1854),  107;  Arch.  sci.  phys.  nat.  25  (1854),  338. 

1854:  1.    W.  P.  Blake.     On  the  gold  and  platinum  of  Cape  Blanco. 

(Oregon.)  Pt. 

Amer.  J.  Sci.  [2],  18  (1854),  156;  20  (1855),  79;  Jsb.  Chem.  1S54,  m>x 

1854:  2.    H.  Dubois.    De  la  presence  de  Tiridium  dans  Tor  de  Cali- 
fornia. Ir. 
Ann.  des  Mines  [5],  6  (1854),  518;  Amer.  J.  Sci.  [2],  21  (1856),  2C'; 
Jsb.  Chem.  1855,  847;  Polyt.  J.  (Dingier),  141  (1856),  109:  Bu!. 
Soc.  d'Encoiiragement,  Jan.  (1856),  31;  Polyt.  Centrbl.   (1855  •. 
1183;  Chem.  tech.  Mitth.  (Eisner),  5  (1854-56),  118. 

1854:  3.    .    Jahresbericht  iiber  die  Fortsehritte  des  ilincr- 

alogie  im  Jahre  1853.  P*. 

Berg  u.  Hiitten  Ztg.  13  (1854),  334. 
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1854:  4.    • .    Platin-Fimd  (in  Siebengebirgen).  Pt. 

Berg  u.  Hiitten  ^tg.  13  (1854),  232,  from  Casseler  Ztg. 

1854:  5.    E.  Fbemy.    Nouvelles  recherches  sur  les  m^taux  qui  accom- 

pagnent  le  platine  dans  sa  mine.     (Decomposition  of  iridosmium 

by  oxidation  in  current  of  air.)  Pt,  Pd,  Ir,  Os,  Rh,  Eu. 

C.  B.  38  (1854),  1008;  J.  prakt.  Chem.  62  (1854),  340;  J.  de  Pharm. 

[3],  26  (1854),  99;  rinstitiit,  22  (1854),  201;  Chem.  C^entrbl.  1854, 

520;  Chem.  Gaz.  12  (1854),  241;  Polyt.  J.  (Dingier),  133  (1854), 

270;  ZtBch.  anal.  Chem.  5  (1866),  120;  Jsb.  Chem.  1854,  367;  J. 

Chem.  Soc.  7  (1854),  256;  J.  Frank.  Inst.   [3],  30  (1855),  412; 

Atheneum,  Sept.  (1855). 

1854:  6.    C.  Claus.    Beitrage  zur  Chemie  der  Platinmetalle,  Dorpat, 
1854.     (Full  description  of  the  chemistry  of  the  platinum  metals.) 

Jsb.  Chem.  1855,  423,  444,  814,  905.  Pt,  Pd,  L",  Os,  Rh,  Ru. 

1854:  7.    C.  Claus.    IJeber  die  Platinbasen.  Pt,Pd,Rh,Ir. 

Bui.  Acad.  Sci.  St.  P6tersb.  13  (1855),  97;  J.  prakt.  Chem.  63  (1854), 

99;  Chem.  Centrbl.  1854,  789;  Chem.  Gaz.  12   (1854),  441;  Jsb. 

Chem.   1854,  369;  Melanges  phys.  chim.  Acad.  St.  P^tersb.  2 

(1854),  130. 

1854:  8.    E.  XJbicoechea.    Iridium  und  seine  Verbindungen.    Inaug. 
Diss.  Gottingen,  1854.     (Phosphate,  bromid,  sulfate,  chlorid.)  Ir. 
Amer.  J.  Sci.  [2],  18  (1854),  447. 

1854:  9.    G.  B.  Buckton.    On  the  platino-tersulphocyanides  and  the 
platino-bisulphocyanides,  two  new  series  of  salts,  and  their  decom- 
positions. Pt. 
Q.  J.  Chem.  Soc.  7  (1854),  22;  J.  prakt.  Chem.  64  (1855),  65;  Ann. 
Chem.  (Liebig),  92  (1854),  280;  Chem.  Centrbl.  1854,  545;  Jsb. 
Chem.  1854,  379. 

1854:  10.    C.  G.  Williams.    On  the  presence  of  pyridine  among  the 

volatile  bases  in  the  naphtha  from  the  bitumenous  shale  from 

Dorsetshire,  and  on  the  fractional  crystallization  of  platinum  salts. 

Phil.  Mag.  [4],  8  (1854),  209;  J.  prakt.  Chem.  64  (1855),  54.        Pt. 

1854:  11.    J.  H.  Gladstone.    Notes  on  some  substances  which  exhibit 
the  phenomena  of  fluorescence.     (Platinum  chlorid  with  potas- 
sium iodid.)  Pt. 
Edinb.  N.  Phil.  J.  1  (1855),  83;  Chem.  Gaz.  12  (1854),  420;  J.  prakt. 
Chem.  64  (1855),  438;  Jsb.  Chem.  1855, 133. 

1854:  12.    : .    Benutzung  des  Irid-osmiums  zur  Losung  des 

Zinnes.  Os,  Ir. 

Arch,  der  Pharm.  80  (1854),  324;  Chem.  Centrbl.  1855,  56;  Polyt. 
Notizbl.  9  (1854),  192;  Polyt.  CentrbL  25  (1854),  1084. 
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1854:  13.    H.  How.    Note  on  platintim  accompanying  silver  in  solution 

in  nitric  acid.  Pt. 

Q.  J.  Chem.  Soc  7  (1854),  48;  Chem.  Gaz.  12  (1854),  209;  J.  prakt. 

Ghem.  63  (1854),  125;  Chem.  CentrbL  1854,  592;  Jsb.  Chem.  1854, 

366. 

1854:  14.  W.  Lasch.  Auflosung  des  Platins  in  Glasretorten  (unzweck- 
massig).  Pt. 

J.  prakt.  Chem.  63  (1854),  344. 

1854:  15.    J.  ScHABUS.    Crystallogische  TJntersuchungen.  (Mono-,  bi-, 

and  tetra-ethylammonium  platinum  chlorid,  p.  43.)    Wien,  1855. 

Sitzber.  Acad.  Wien,  15  (1855),  200;  Jsb.  Chem.  1854,  379.  Pt. 

1854:  16.     Savabd.     (Plating  of  copper  with  platinum.)  Pt. 

Pract.  Mech.  J.  6  (1854),  256;  Polyt.  J.  (Dingier),  131  (1854),  413. 

1854:  17.    A.  T.  Eupffeb.    (Elasticity  of  torsion  of  platinum.)         Pt. 
C.  B.  robs.  cent.  Bussie,  1854, 1;  Jsb.  Chem.  1855,  69. 

1854:  18.  T.  Obaham.  On  osmotic  force.  Bakerian  Lecture.  (Cf. 
platinochlorid,  Q.  J.  Chem.  Soc,  8  :  59,  94.)  Pt. 

PhU.  Trans.  London,  144  (1854),  177;  Q.  J.  Chem.  Soc  8  (1855),  43: 
Ann.  chim.  phys.  [3],  45  (1855),  5;  Arch.  sci.  phys.  nat.  27  (1854), 
37. 

1855:  1.    M.  BockinO.    Platinerz  aus  Borneo.    (Analysis.) 

Pt,  Pd,  Ir,  Os,  Eh.  Ru. 
Ann.  Chem.  (Liebig),  96  (1855),  243;  J.  prakt.  Chem.  67  (1856),  207. 

1855:  2.  J.  W.  Mallet.  On  the  crystallization  of  platinum  from 
fusion.  Pt. 

Amer.  J.  Sci.  [2],  20  (1855),  340;  J.  prakt.  Chem.  67  (1856),  252; 
Chem.  Centrbl.  1856,  47;  Jsb.  Chem.  1855,  420;  Chem.  Gaz.  No. 
317;  J.  Frank.  Inst.  [3],  31  (1856),  139. 

1855:  3.  E.  Fbemy.  Nouvelles  recherches  sur  la  mine  de  platine. 
(Composition,  p.  386;  preparation  of  osmium,  387;  ruthenium, 
392;  iridium,  394;  rhodium,  395;  salts  of  rhodium,  398.) 

Pt,  Pd,  Os,  Bu,  Ir,  Bh. 

Ann.  chim.  phys.  [3],  44  (1855),  385;  Bept.  Brit.  Assoc.  1855,  ii,  63: 
Jsb.  Chem.  1855,  422. 

1855:  4.  L.  P.  de  Saint-Gilles.  Action  de  la  chaleur  sur  Thydrate  et 
sur  Tac^tate  ferriques.  (Separation  of  iridium  from  platinum  bj 
sodium  acetate.)  Pt,  Ir. 

C.  B.  40  (1855),  1243;  J.  prakt.  Chem.  16  (1855),  144. 
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1855:  5.    d'Hennin.    ProcM6  pour  ra£5nage  de  Tor  alli6  k  ?iridiiiiii 

dans  les  cendres  iiidif  ires.  Ir. 

C.  B.  40  (1855),  1203;  Bui.  soc.  d'enconr.  (1856),  Jan.;  Polyt.  J. 

(Dingier),  141  (1856),  109;  Chem.  tech.  Mitth.  (Eisner),  5  (1854- 

56),  102. 

1855:  6.    G.  Clementi.    SuUi  joduri  di  platino.  Pt. 

N.  (^mento.  2  (1855),  192;  Jsb.  Chem.  1855,  420. 

1855:  7.    E.  Lowig.    Doppelverbindimgen  von  Chlorstibathylium  mit 
Platinchlorid.  Pt. 

J.  prakt.  Ghem.  64  (1855),  424  (from  Inaug.  Diss.  Brealau). 

1855:  8.    T.  Andebson.    Preliminary  notice  on  the  decomposition  of 
the  platinnm  salts  of  the  organic  alkalies.    (Pyridin,  picolin^  and 
other  bases  produced  by  destructive  distillation  of  animal  sub- 
stances.) Pt. 
Trans.  Boy.  Soc.  Edinb.  21  (1857),  219;  Proc.  Boy.  Soc.  Edinb.  3 
(1857),  309;  Ann.  chim.  phys.  [3],  45  (1855),  366;  Ann.  Chem. 
(Liebig),  96  (1855),  199;  Phil.  Mag.  [4],  9  (1855),  145,  214;  Ghem. 
Centrbl.  1855,  259;  1856,  2;  Jsb.  Chem.  1855,  553;  Bept.  Brit. 
Assoc.  1854,  ii,  64. 

1855:  9.    C.  A.  Wubtz.    (Criticism  of  Anderson  (1855:  8)  on  platinum 
bases.)  Pt. 

Ann.  chim.  phys.  [3],  45  (1855),  369;  Jsb.  Chem.  1855,  555. 

1855:  10.    M.  Petbone.    Deir  azione  dell'  acido  nitrico  sopra  il  sal 
verde  di  Magnus.  R. 

Cimento  6  (1855),  872;  N.  Cimento  2  (1855),  387;  Jsb.  Chem.  1855, 
421. 

1855:  11.    M.  Peybone.    DelF  azione  dell'  acido  nitrico  sopra  Tisomero 
giallo  del  sal  di  Magnus.  Pt. 

Cimento  6  (1855),  874;  Jsb.  Chem.  1855,  421. 

1855:  12.    A.  Schafabik.    Ueber  die  Cyanverbindungen  des  Platins. 

Pt. 
Sitzber.  Acad.  Wien.  17  (1855),  57;  J.  prakt.  Chem.  66  (1855),  385; 
Chem.  Gaz.  13  (1855),  441;  Chem.  Centrbl.  1855,  721;  Jsb.  Chem. 
1855,  439. 

1855:  13.    E.    Bottgeb.    Ueber   die   Fluorescenz    des   Kaliumplatin- 
cyaniirs.     (Fluorescence  in  solution.)  Pt. 

Ann.  der  Phys.  (Fogg.),  95  (1855),  176;  97  (1856),  333;  Phil.  Mag. 
[4],  10  (1855),  69;  Jsb.  Chem.  1855, 132. 

1855:  14.    0.  0.  Stokes.    On  the  alleged  fluorescence  of  a  solution  of 
platino-cyanide  of  potassium.  Pt. 

Phil.  Mag.  [4],  10  (1855),  95. 
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1865:  16.  H.  Vohl.  Anwendung  des  unterechwefligsauren  2fatrons  in 
der  analytiBchen  Chemie.     (Action  on  platinum  salts.)  Pt. 

J.  prakt.  Chem.  67  (1856).  177;  Ann.  Chem.  (Liebig),  96  (1855). 
241;  J.  de  Pharm.  29  (1856),  74. 

1855:  16.  C.  Weltzien.  Ueber  die  Kjystallformen  der  Platinsalze  der 
znsammengesetzten  Ammoniummoleciile  des  Aethyls.  Pt. 

Ann.  Chem.  (Liebig),  93  (1855),  272. 

1866:  17.    C.  de  Marion ac.    Recherches  snr  les  formes  cristallines  de 

quelques  composes  chimiques.     Geneve,  1865.     (Sodium  platino- 

chlorid,  p.  27.)  Pt. 

C.  R.  42  (1856),  288;  M6m.  Soc.  Phys.  Gendve,  14  (1858),  202;  Jsb. 

Chem.  1855,  421. 

1855:  18.    BosELEUR  and  Lanaux.    (Plating  with  platinum.)  Pt. 

Polyt.  CcntrbL  1855,  57;  Polyt.  J.  (Dingier),  138  (1855),  318;  Jsb. 
Chem.  1855,  852;  Polyt.  NotizbL  (1855),  56;  Chem.  tech.  Mitth. 
(Eisner),  5  (1854-56),  172. 

1855:  19.    H.  Bottoer.    (Electroplating  copper  and  brass  with  plati- 
num; after  Jewreinoflf.)  Pt. 
Polyt.  Notizbl.  1855,  No.  4;  Polyt.  CentrbL  1855,  1210;  Polyt,  J. 
(Dingier),  138  (1855),  318;  Chem.  CentrbL  1855,  736;  Jsb.  Chem. 
1855,  852. 

1855:  20.  W.  Haidinoeb.  Herapathit  Zangen.  (Optical  properties  of 
barium  and  magnesium  platinocyanids.)  Pt. 

Sitzber.  Acad.  Wien,  15  (1855),  82;  Jsb.  Chem.  1855,  151. 

1855:  21. .  A.  Vogel,  Jr.,  and  C.  Beisohauer.  TJeber  eine  neue  Form 
der  bei  Lothrohrversuchen  angewandten  Platinpincetten  und 
Platindrahte.  R. 

Gelehrtes  Anz.  Munchen,  41  (1855),  BulL  No.  15;  Polyt.  J.  (Ding- 
ier), 138  (1855),  44. 

1855:  22.    J.  Stenhoube.     On  platinized  charcoal.  Pt. 

Q.  J.  Chem.  Soc.  8  (1855),  105;  Ann.  chim.  phys.  [3],  45  (1855),  496: 
Ann.  Chem.  (Liebig),  96  (1855),  36;  J.  de  Pharm.  28  (1855),  317; 
J.  prakt.  Chem.  66  (1855),  380. 

1855:  23.  A.  Baudrimont.  Note  sur  ^inflammability  de  Fhydrogfene 
(par  le  platine).  Pt. 

C.  R.  41  (1855),  177;  Ann.  der  Phys.  (Pogg.),  96  (1855),  351;  J. 
prakt.  Chem.  67  (1856),  187. 

1855:  24.  B.  Adie.  On  thermo-electric  joints  formed  with  the  metals 
antimony,  bismuth,  and  palladium.  Pd. 

Q.  J.  Chem.  Soc.  8  (1855),  36. 
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1856:  1.    J.  B.  BoussiNGAULT.    Sur  irn  gisement  de  platine  signal^ 

dans  Tin  filon  de  la  province  d'Antioquia.     Observations  in^dites 

BUT  les  alluvions  auriftres  et  platiniftres  du  Choco.  Pt. 

C.  R.  42  (1856),  gi7;  rinstitut,  24  (1856),  101;  Jsb.  Chem.  1856,  829. 

1856:  2.  C.  Scheibleb.  Beitrage  zur  Kenntniss  der  Lithionsalze. 
(Lithium  platinchlorid.)  Pt. 

J.  prakt.  Chem.  67  (1856),  485. 

1856:  3.    W.  F.  Salm-Hobstmab.    Ueber  Chlorplatinaluminum.      Pt. 

Ann.  der  Phys.  (Fogg.),  99  (1856),  638;  J.  prakt.  Chem.  70  (1857), 
121;  Jsb.  Chem.  1856,  413. 

1856:  4.  A.  W.  Hofmann  and  A,  Cahoubs.  Becherehes  sur  les  bases 
phosphor^es.  Pt. 

C.  R.  43  (1856),  1092;  Ann.  Chem.  (Liebig),  104  (1857),  1;  PhiL 
Trans.  147  (1857),  595;  Ann.  chim.  phys.  [3],  51  (1857),  5;  J. 
prakt.  Chem.  70  (1857),  364;  J.  Chem.  Soc.  11  (1858),  56. 

1856:  5.  C.  Claus.  Ueber  einige  Rhodanverbindung.  (Platinumthio- 
cyanate,  p.  48.)  Pt. 

Ann.  Chem.  (Liebig),  99  (1856),  48;  Ann.  chim.  phys.  [3],  49 
(1857),  101;  J.  prakt.  Chem.  70  (1857),  52;  J.  de  Pharm.  31  (lff57), 
125;  Chem.  Gaz.  14  (1856),  344;  Chem.  CentrbL  1856,  730;  Jsb. 
Chem.  1856,  443. 

1856:  6.  C.  Claus.  Ueber  die  Ammoniummolecule  der  Metalle. 
(Theoretical  article  on  the  metal-ammonium  bases.) 

Pt,  Pd,  It,  Os,  Rh,  Ru. 
Ann.  Chem.  (Liebig),  98  (1856),  317;  Jsb.  Chem.  1856,  314. 

1856:  7.  P.  Weselsky.  Ueber  einige  neue  der  Formel  RgPtjCyinHO 
entsprechende  Platineyanverbindungen,  femer  iiber  rothes 
HPtCJya,  6H0  und  gelbes  MgPtCya,  6H0.  Pt. 

Sitzber.  Acad.  Wien,  20  (1856),  282;  J.  prakt.  Chem.  69  (1856),  276; 
Chem.  CentrbL  1856,  779;  Jsb.  Chem.  1856,  440. 

1856:  8.  C.  Weltzien.  Ueber  die  Ammoniummoleciile  der  Metalle. 
(Theoretical  consideration  of  metal-ammonium  bases.) 

Pt,  Pd,  Ir,  Os,  Rh,  Ru. 

Ann.  Chem.  (Liebig),  97  (1856),  19;  100  (1856),  108;  Chem.  CentrbL 
1856,  114;  Jsb.  Chem.  1856,  313,  414. 

1856:  9.     C.  Gbimm.     Beit  rag  zur  Kenntniss  der  Platinbasen.  Pt. 

Ann.  Chem.  (Liebig),  99  (1856),  67;  J.  prakt.  Chem.  69  (1856),  420; 
PhiL  Mag.  [4],  12  (1856),  301;  Chem.  CentrbL  1856,  750;  Jsb. 
Chem.  1856,  415. 
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1856:  10.  C.  Obikk.  Ein  neues  Platinsalz.  (Double  platosamin  am- 
monium chlorid.)  Pt. 

Ann.  Chem.  (Liebig),  99  (1856),  95;  J.  prakt.  Chem.  70  (1S57),  61; 
Jab.  Chem.  1856.  415. 

1856:  11.  W.  OiBBS  and  F.  A.  Genth.  Researches  on  the  ammonia- 
cobalt  bases.     (Platinum  chlorids  of  cobalt-ammonium  bases.)  Pt. 

Smith.  Cont.  Knowl.  9  (1856);  Amer.  J.  Sci.  [2],  23  (1857),  234, 
319;  24  (1857),  86;  J.  prakt.  Chem.  72  (1857),  148;  Ann.  Chem. 
(Liebig),  104  (1857),  150,  295;  Chem.  Gaz.  15  (1857),  141,  165,  188,. 
250,  266,  383,  404;  Chem.  Centrbl.  1858,  129,  257;  Jsb.  Chem.  1857, 
234. 

1856:  12.  H.  Saintb-Claire  Deville.  Action  de  Tacide  iodhydrique 
sur  Targent.  (Palladium  acted  on  by  hydriodic  acid,  but  plati- 
num almost  unacted  on.)  Pt,  Pd^ 

C.  R.  42  (1856),  894;  Ann.  Chem.  (Liebig),  101  (1857),  196;  J.  pr^t. 
Chem.  69  (1856).  420. 

1856:  13.  W.  Kefbrstbin.  TJeber  die  Krystallformen  einiger  chemi- 
Bchen  Verbindungen.  (Ammonium  iridium  chlorid,  ammonium 
rhodium  chlorid,  barium  palladium  cyanid,  and  potassium  plat- 
inum thiocyanate.)  Pt,  Pd,  Ir,  Rh. 

Ann.  der  Phys.  (Pogg.),  99  (1856),  275;  J.  prakt.  Chem.  69  (1856),. 
303;  Jsb.  Chem.  1856,  420,  442,  445. 

1856:  14.  Caranza.  Note  but  un  nouveau  proc6d6  de  fixage  i)our  les- 
6preuves  photographiques,  au  moyen  du  chlorure  acide  de  platine. 
(Only  title.)  Pt. 

C.  R.  42  (1856),  344;  Chem.  Centrbl.  1856, 192. 

1856:  15.  H.  Saikte-Claire  Deville.  Mimoire  sur  la  production 
des  temperatures  tr^  flevtes.    (Fusion  of  platinum,  p.  198.)     Pt. 

Ann.  chim.  phys.  [3],  46  (1856),  182;  Ann.  Chem.  (Liebig),  l(& 
(1857),  326;  BuL  Soc.  Encour.  Paris,  55  (1856),  286;  Polyt,  J. 
(Dingier),  140  (1856),  428;  Jsb.  Chem.  1856,  315. 

1856:  16.    H.  H.  Landois.     (Plating  metals  with  platinum  in  the  cold.) 

Pt 
Cosmos,  rev.  encyclop.  Sept.  (1856),  309;  Polyt.  J.  (Dingier),  142- 
(1856),  157;  J.  Frank.  Inst.  [3],  32  (1856),  265;  Soc.  Encour.  Nat. 
Indust.  Paris  (1855),  Dec.  25. 

1856:  17.  A.  Smee.  (Method  of  depositing  platinum  black  on  plat- 
inum and  silver.)  Pt^ 

Polyt.  NotizbL  1856,  No.  21;  Polyt.  J.  (Dingier),  142  (1856),  157; 
Chem.  Centrbl.  1857,  96. 
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1856:  18.    V.  Eegnault.    M^moire  sur  la  chaleur  8p6cifique  de  quel- 

ques  corps  simples.     (Specific  heat  of  osmiiun,  p.  262;  rhodium 

and  iridium,  263.)  Os,  Rh,  Ir. 

Ann.  chim.  phys.  [3],  46  (1856),  257;  Ann.  der  Phys.  (Pore.).  98 

(1856),  401;  PhU.  Mag.  [4],  12  (1856),  493;  Arch.  sci.  phys.  nat. 

31  (1856),  316;  N.  Cimento,  3  (1856),  442;  Jsb.  Ghem.  1856,  41. 

1857:  1.    A.  A.  Damoub  and  A.  Descloizeaux.    Examen  de  divers 
6chantillon8  de  sables  aurif ^res  et  platinif ^res.  Pt. 

Ann.  chim.  phys.  [3],  51  (1857),  445. 

1857:  2.    .    Price  of  platinum  (in  1857).  Pt. 

Ann.  der  Phys.  (Pogg.),  101  (1857),  644;  Polyt.  J.  (Dingier),  146 
(1857),  77. 

1857:  3.    H.  Saintb-Claibb  Deville  and  H.  Debbay.    Des  m6taux 
du  platine  et  de  leur  traitement  par  la  voie  siche. 

Pt,  Pd,  Ir,  Os,  Rh,  Ru. 

C.  R.  44   (1857),  1101;  Ann.  Chem.   (Liebig),  104   (1857),  227;  J. 

prakt.  Chem.  71  (1857),  371;  rinstitut,  25  (1857),  173,  181;  Chem. 

Gaz.  15  (1857),  310;  amento,  6  (1857);  Chem.  CentrbL  1857,  433; 

Polyt.  J.  (Dingier),  145  (1857),  44;  Jsb.  Chem.  1857,  259. 

1857:  4.    A.  Muckle  and  F.  WOhleb.    Ueber  den  Platingehalt  der 

Platinriickstande.     (Separation  of  platinum  and  iridium.)    Pt,  Ir. 

Ann.  Chem.  (Liebig),  104  (1857),  368;  J.  prakt.  Chem.  73  (1858), 

318;  Polyt.  J.  (Dingier),  149   (1858),  237;  Chem.  Centrbl.  1858, 

254;  Jsb.  Chem.  1857,  262. 

1857:  6.    0.  K6ttig.    Krystallisirtes  Platin.  Pt. 

J.  prakt.  Chem.  71  (1857),  190;  Jsb.  Chem.  1857,  261. 

1857:  6.    E.  Wysocky.    Ueber  die  Afl&nirung  des  osmium-iridium-hal- 
tigen  Ooldes  vom  Stabs  Capitain  Belozerow.  Os,  Ir. 

Oester.  Ztsch.  fiir  Berg-  und  Hiittenwesen,  1857,  No.  26;  Chem. 
Centrbl.  1857,  665. 

1857:  7.     T.  Oppleb.    Ueber  die  lodverbindungen  des  Iridiums.    Inaug. 
Diss.  Gottingen,  1857.  Ir. 

Jsb.  Chem.  857,  263. 

1857:  8.    V.    Schwabzenbach.     (Potassium   platinocyanid   and   mor- 

phin,  etc.)  Pt. 

Vierteljahrssch.  prakt.  Pharm.  6  (1857),  422;  Jsb.  Chem.  1857,  602. 

1857:  9.    A.  W.  Hofmann.    Contributions  towards  the  history  of  the 

phosphorus-,  arsenic-,  and  antimony-bases.     (Platinum  salts.)    Pt. 

Proc.  Roy.  Soc.  London,  8   (1856-57),  500;  Ann.  Chem.  (Liebig), 

103  (1857),  357;  J.  de  Pharm.  34  (1858),  137;  Chem.  CentrbL  1857, 

947. 
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1857:  10.  B.  BOttoer.  Palladiumchloriir,  ein  ausgezeichnetes  Beagens 
f  iir  verschiedene  Oase.  •  Pd. 

Jsber.  phys.  Ver.  Frankfurt  a.  M.  ,1857-58,  45;  Ann.  der  Phys. 
(Fogg.).  106  (1859),  495;  J.  prakt.  Chem.  76  (1859),  233;  X. 
Jhrbuch.  prakt.  Pharm.  11  (1859),  263;  Folyt.  J.  (Dingier),  152 
(1859),  76;  R^p.  c^im.  pur.  1  (1859),  402;  Chem.  Centrbl.  1859, 
321;  Jsb.  Chem.  1859,  257;  Folyt.  NotizbL  14  (1859),  102;  Polyt. 
Centrbl.  25  (1859).  683;  Chem.  tech.  Mitth.  (Eisner),  8  (1858-59), 
55. 

1857:  11.     Q.  Sella.     Sulla  forme  cristalline  di  alctmi  sail  di  platino  e 

del  boro  adamantino.     (Crystal  forms  of  platinum  bases.)         Pt. 

Mem.  Accad.  Torino  [2],  17  (1858),  337;  Cimento,  5  (1857),  81;  7 

(1858),  828;  Arch.  sci.  phys.  nat.  34  (1857),  330;  Jsb.  Chem.  1857, 

261;  Ann.  der  Pbya.  (Fogg.),  100  (1857),  646. 

1857:  12.    H.  de  Sbnarmont.  Bammetaberg:  Die  neueste  Forschxmgen 

in  der  krystallinischen  Chemie,  Leipzig,  1S57-8,    (Birefractive 

crystals.)  Bo. 
J6b.  Chem.  1857,  265. 

1857:  13.    W.  J.  Gbailich  and  V.  von  Lang.    TJntersuchimgen  uber 

die  physikalischen  Verhaltnisse  krystallisirter  Korper.     (Double 

platinocyanids,  p.  16.)  Pt. 

Sitzber.  Acad.  Wien,  27  (1857),  3;  Jsb.  Chem.  1858,  235;  Kryst.  opt- 

Untersuchungen,  Wien  und  Olmiiz,  1858,  99. 

1857:  14.  A.  Descloizeaux.  Propri6t68  optiques  birtfringentes  des 
cyanure  de  barium  et  de  platine;  cyanure  de  magnesium  et  de 
platine:  chlorure  de  platine  et  d*6thylammoniaque.  Pt. 

Ann.  des  Mines  [5],  11  (1857),  301,  306,  324;  14  (1858),  393. 

1857:  16.    H.  Sainte-Claire  Deville.    M6moire  sur  le  silicinm.     (Ac- 
tion of  silicon  on  platinum,  p.  66.)  Pt. 
Ann.  chim.  phys.  [3],  49  (1857),  62;  J.  de  Fharm.  31  (1857),  116. 

1857:  16.  H.  Sainte-Claire  Deville.  Schmelzung  schwer  schmelz- 
baren  Metalle.  Pt. 

Folyt.  Centrbl.  1857,  605;  Chem.  Centrbl.  1857,  461. 

1857:  17.  E.  BOttger.  Verhalten  ...  des  Platins  zu  dem  geschmol- 
zenen  chlorsauren  Kali.  Pi. 

N.  Rep.  fiir  Fharm.  (Buchner),  6  (1857),  247;  Chem.  CentrbL  lSo7, 
636.  ^ 

1857:  18.    C.  6.  Mosander.    Filtrerings-apparater  af  Platina.  Pt. 

Oefver.  Akad.  Forh.  Stockholm,  14  (1857),  263. 

1857:  19.    W.  C.  Heraeus.     Preis  Platingerathe.  Pt. 

Ann.  der  Fhys.  (Fogg.),  101  (1857),  644;  Chem.  CentrbL  1857,  S44. 
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1867:  20.    C.  P.  SohOnbein.    Ueber  einige  neue  Reihen  chemischer 
Beriilmmgswirkiingen.     (Influence  of  platinum  sponge.)  Pt. 

Abh.  bayer.  Akad.  Wiss.  8  (1857),  37. 

1857:  21.    A.  Bebtin.     Sur  la  formation  de  I'eau  par  des  lames  de 
platine  qui  ont  servi  k  transmettre  im  courant  61ectrique.  Pt. 

Ann.  chim.  phys.  [3],  51  (1847),  450;  C.  R.  44  (1857),  1273;  J.  prakt. 
Chem.  71  (1857),  371;  Chem.  Centrbl.  1857,  607. 

1857:  22.    J.  Mtn:<L£B.    Abnahme  der  Elektricitatsleitung  in  Metallen 

bei    starke    Temperatur-Erhohung.      (Leitungswiderstand    des 

Platins.)  Pt. 

Programm   d.    Gymnasiums    zu    Wesel,    1857;   Ann.    der   Phys. 

(Pogg.),  103  (1858),  176;  Jsb.  Chem.  1858, 110. 

1857:  23.    L.  Cailletet.    De  I'influence  de  Thydrogfene  naissant  sur 
Tamalgamation.  Pt. 

C.  R.  44  (1857),  1250;  Jsb.  Chem.  1857,  249. 

1858:1.    S.  Bleekbode.    Platinerz  von  Borneo.  Pt. 

Ann.  der  Phys.  (Pogg.),  103  (1858),  656;  J.  de  Pharm.  34  (1858), 

219;  J.  prakt.  Chem.  74   (1858),  361;  Polyt.  J.   (Dingier),  151 

(1859),  156;  Pharm.  J.  and  Trans.  18  (1859),  32;  Jsb.  Chem.  1858, 

675. 

1858:  2.    W.    Henke.    Verbindungen    der    Nitrile    mit    Chloriiren. 
(Cyanethyl  und  Platinehlorid.)  Pt. 

Ann.  Chem.  (Liebig),  106  (1858),  280;  J.  prakt.  Chem.  75  (1858), 
204;  J.  de  Pharm.  34  (1858),  448. 

1858:  3.    K.  von  Thann.    Ueber  das  Platincyanathyl.  Pt. 

Sitzber.  Acad.   Wien,  31    (1858),  26;  Ann.  Chem.    (Liebig),   107 

(1858),  315;  J.  prakt.  Chem.  75   (1858),  190;  J.  de  Pharm.  34 

(1858),  449;  Rep.  chim.  pur.  1  (1859),  137;  Chem.  6az.  17  (1859), 

41;  Chem.  CentrbL  1858,  787;  Jsb.  Chem.  1858,  235. 

1858:  4.     C.  6.  Willla.M8.     (Platinehlorid  and  quinolin.)  Pt. 

Chem.  Gaz.  16  (1858),  346;  J.  prakt.  Chem.  76  (1859),  251;  Jsb. 
Chem.  1858,  357. 

1868:  5.    W.  Gibbs  and  F.  A.  Genth.    Preliminary  notice  of  a  new 

base  containing  osmium  and  the  elements  of  ammonia.        Os,  Ir. 

Amer.  J.  Chem.  [2],  25  (1858),  248;  Chem.  Centrbl.  1859;  130;  R4p. 

chim.  pur.  1  (1859),  326;  Proc.  Amer.  Assoc.  1858, 197;  Jsb.  Chem. 

1858,  214. 

1858:  6.    A.  Souchay  and  E.  Lennsen.  Ueber  die  Oxalate  der  schweren 
Metalloxyde.     (Oxalsaures  Platinoxydul  Natron.)  Pt. 

Ann.  Chem.  (Liebig),  105  (1858),  256;  J.  prakt.  Chem.  74  (1858), 
170. 
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1858:  7.     C.  Claus.    TJeber  die  Eeduction  dee  Iridiumchlorids  (IrClj) 

in  niedere  Chlorstufen.  Ir. 

Ann.  Chem.  (Liebig),  107  (1858),  129;  Ann.  chinu  phjs.   [3],  54 

(1858),  423;  J.  prakt.  Chem.  76   (1859),  24;  B6p"  chim.  pur.  1 

(1859),  86;  Jsb.  Chem.  1858,  210. 

1868:  8.    C.  W.  Hempel.    Eisenoxydulsalz  mit  caustischem  Alkali  ak 
Beductionsmittel.     (Eeduction  of  platinum  chlorid  by  ferrous  sul- 
fate and  formation  of  platinimi  black.)  Pt 
Ann.  Chem.  (Liebig),  107  (1858),  97;  J.  prakt.  Chem.  75   (1858), 
444;  Polyt.  J.  (Dingier),  149  (1858),  444;  Chem.  News,  1  (I860), 
107;  Jsb.  Chem.  1858,  190. 

1858:  9.    J.  Spilleb.    On  some  remarkable  circumstances  tending  to 
disguise  the  presence  of  various  acids  and  bases  in  chemical  analy- 
sis.    (Action  of  citric  acid  on  platinum  diozid.)  R. 
Q.  J.  Chem.  Soc.  10  (1858),  110;  J.  de  Pharm.  33  (1858),  54. 

1858:  10.    A.  P.  Nogubs.    Influences  des  hautes  temperatures  sur  Ffctat 

mol6culaire  de  certains  corps.    (Platinum  crystals.)  Pt. 

C.  R.  47  (1858),  832;  Chem.  Centrbl.  1859,  16;  Jsb.  Chem.  1858,  209. 

1868:  11.    P.  Crace-Calvert  and  H.  Johnson.    On  the  expansion  of 
metals^  alloys  and  salts  (specific  gravity  and  expansion  of  plati- 
num.) Pt 
Kep.  Brit.  Assoc.  28  (1858),  46;  Jsb.  Chem.  1859, 10. 

1858:  12.    L.  Elsneb.    Ueber  die  Fluchtigkeit  einiger  Korper  in  der 
Weissgliihhitze.     (Sublimation  of  platinum,  paUadium   and  iri- 
dium.) Pt,  Pd,  It. 
Chem.  tech.  Mitth.  (Eisner),  7  (1857-58),  36;  J.  prakt.  Chem.  99 
(1866),  257;  Jsb.  Chem.  1866,  35. 

1858:  13.    W.  E.  Newton.    (Platinum  alloys.)  Pt,  Pd,  Ir,  Bh. 

Bepertory  Pat.  Invent.  1858,  375;  Pharm.  J.  and  Trans.  18  (1S59), 
233;  Polyt.  J.  (Dingier),  148  (1858),  415;  Jsb.  Chem.  1858,  20S. 

1858;  14.     C.  Bbunneb.    Bereitung  von  Platinschwarz.  Pt. 

Mitth.  Naturf.  Gesel.  Bern,  1858,  83;  Ann.  Chem.  (Liebig),  109 
(1859),  253;  Ann.  der  Phys.  (Togg,),  105  (1858),  496;  B^p.  ehim. 
pur.  1  (1859),  294;  B£p.  chim.  appl.  1  (1859),  211;  Chem.  CentrbL 
1859,  30;  Jsb.  Chem.  1858,  209;  Chem.  News,  1  (I860),  179;  Le 
Monde  Sci.  Mar.  1  (I860). 

1858:  15.    T.   L.  Phipson.    La  force  catalytique  ou  6tudes  sur  les 

phdnom^nes  de  contact.      (Combustion  under  the  influence  of 

platinum,  etc.)     (M6moire  couronn6  par  la  Soc.  Holland,  des  Sci-, 

Haarlem,  1858.)  Pt,  Pd,  RL 

Nat.  Verb.  d.  Maatsch.  Wet.  Haarlem,  14  (1861),  1. 
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1858:  16.    C.  P.  SchOnbein.     TJeber  den  Einfluss  des  Platins  auf  che- 

inisch-gebundenen  Sauerstoflf.  Pt. 

Verh.  Naturf.  GeseL  Basel,  2  (1858),  35;  Gelehr.  Anz.  Miinchen, 

47   (1858),  89;  Ann.  chim.  phys.   [3],  55   (1859),  216;  Ann.  der 

Phys.  iPogg.)y  105  (1858),  258;  J.  prakt.  Chem.  75  (1858).  101; 

Jsb.  Chem.  1858,  56. 

1858:  17.    W.  J.  Grailich.    Ueber  Fluoreecenz.    (Magnesium  platino- 
cyanid.)  Pt. 

Verh.  Akad.  Presburg,  2  (1857),  11;  Jab.  Chem.  1858,  3. 

1858:  18.    F.  Cbaoe-Calvert  and  R.  Johnson,    Sur  la  conductibilit* 

de  la  chaleur  par  les  m6tauz  et  leiirs  alliages.    j(Conductivity  of 

platinum  for  heat.)  Pt. 

C.  R.  47  (1858),  1069;  Phil.  Trans.  London.  148  (1858),  349;  Polyt. 

J.  (Dingier),  152  (1859),  125;  Jsb.  Chem.  1858, 110. 

1858:  19.    A.  Arndtsen.    Ueber  den  galvanischen  Leitungswiderstand 
der  Metalle  bei  verschiedenen  Temperaturen.  Pt. 

Ann.  der  Phys.  (Pogg.),  104  (1858),  1;  Ann.  chim.  phys.  [3],  54 
(1858),  440. 

1858:  20.    A.  Matthiessen.    Ueber  die  electrische  Leitungsfahigkeit 
der  Metalle.  Pt,  Pd. 

Ann.  der  Phys.  (Pogg.),  103  (1858),  428;  PhiL  Trans.  London,  148 
(1858).  383;  PhiL  Mag.  [4],  16  (1858),  219;  Ann.  chim.  phys.  [3], 
54  (1858),  255;  Arch.  sci.  ph.  nat.  [2],  3  (1858),  310;  Tlnstitut,  26 
(1858),  402;  Chem.  Centrbl.  1858.  411;  Jsb.  Chem.  1858,  108; 
Cimento,  17  (1863),  47. 

1859:  1.    S.  Bleekrode.    Platinerz  von  Goenoeng  Lawack  auf  Borneo. 

Pt. 
Ann.  der  Phys.  (Pogg.),  107  (1859),  189;  J.  prakt.  Chem.  77  (1859), 
384;  R^p.  chim.  pur.  1  (1859),  374;  Jsb.  Chem.  1859,  766. 

1859:  2.    .    American  platinum.     (Vein  of  platinum  and 

gold  in  Missouri.)  Pt. 

Chem.  News,  1  (1859),  36. 

1859:  3.    Weil.     (Platinerze  aus  Calif omien.)  R. 

G^nie.  Indust.  17  (1859),  262:  Polyt.  J.  (Dingier),  153  (1859),  41; 

Jahrb.   der   Miner.   1860,   354;  Jsb.   Chem.   1859,   766;   Berg   n. 

Hutten  Ztg.  19  (1860),  20;  20  (1861),  270;  Berggeist,  5  (1860), 

No.  57. 

1859:  4.    W.  Haidinger.    Die  grosse  Platinstule  im  K.  K.  Hof-Miner- 
alien-Cabinet  (Wien).    Geschenk  des  Fiirsten  Anatole  von  Demi- 
doff.     (From  Nischnei-Tagilsk.)  Pt. 
Sitzber.  Acad.  Wien,  35  (1859),  345;  Jsb.  Chem.  1859,  766. 
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1859:  5.     SoR^ZE.    Erystallisation  des  Flatins.  Ft. 

Berggeist,  4  (1859),  No.  48;  Berg  u.  Hiitten  Ztg.  19  (1860),  27. 

1859:  6.    M*  H.  Jacobi  (par  Pelonze  present^).    Midailles  frapp^es  avec 
des  alliages  de  platine  et  iridmm.  Pt,  Ir. 

C.  B.  49  (1859),  896;  J.  prakt.  Chem.  80  (1860),  499;  Chem.  News, 
1  (1860),  23;  Polyt.  J,  (Dingier),  154  (1859),  118;  Jsb.  Chem. 
1859,  254. 

1859:  7.  M.  H.  Jacobi  (par  Pelouze  pre8ent6).  Un  Tingot  d'iridium 
fondu.     (267  grams  weight.)  Ir. 

C.  E.  49  (1859),  897;  J.  prakt.  Chem.  80  (1860),  499. 

1859:  8.    C.  Glaus.    Neue  Beitrage  zur  Chemie  der  Platinmetalle. 

Pt,  Pd,  It,  Os,  Eh,  Ba. 

I.  Ueber  das  Buthenium  verglichen  mit  dem  ihm  ahnliehen 

Osmium.    Bull.  1  :  97. 

II.  A.  Einiges  AUgemeines  tiber  die  Platinmetalle  usd  einiges 

besonders  iiber  das  Buthenium,  2  :  158. 

B.  Ueber  das  Bhodium  im  Vergleieh  zum  Iridium,  2  :  171. 

III.  A.  Ueber  ammoniumhaltige  Butheniumbasen,  4  :  454. 

B.  Ueber  die  Darstellung  des  Butheniumsalzes  und  iiber 

die  yerschiedenen   Methode   des  Aufschliessens   des 
Osmium-Iridiums,  4  :  465. 

C.  Ein  Paar  Worte  iiber  die  Cyanverbindungen,  nament- 

lich  das  Osmiumeyankali,  4  :  482. 

IV.  Ueber  das  Osmium,  6  :  145. 

(Original  analysis  of  Buthenium  *^  tetrachlorid,'*  1  :  107.) 

BulL  Acad.  Sci.  St.  P^tersh.  1  (1860),  97;  2  (1860),  158;  4  (1862), 
453;  6  (1863),  145;  Ann.  chim.  phys.  [3],  59  (1860),  HI;  J.  prakt. 
Chem.  79  (1860),  28;  80  (1860),  282;  85  (1861),  129;  90  (1863),  65; 
J.  de  Pharm.  37  (1860),  391;  Chem.  CentrbL  1859,  961;  1860,  674,. 
689;  1862,  121,  129;  1864,  497;  Chem.  News,  3  (1861),  194.  257;  4 
(1861),  310;  7  (1863),  115,  121;  R6p.  chim.  pur.  2  (1860),  211;  3 
(1861),  121;  4  (1862),  450;  Bui.  soc.  chim.  [2],  3  (1865),  lloi 
Amer.  J.  Sci.  [2],  29  (1860),  425;  34  (1862),  183,  213;  Ztsch.  Chem. 
5  (1862),  117;  J.  anal.  Chem.  1  (1862),  366;  5  (1866),  117;  Jsb. 
Chem.  1859,  247;  .1860,  204,  742;  1861,  320;  1863,  295;  M€lange^ 
phys.  chim.  Acad.  St.  Petersb.  4  (1860),  1,  294;  5  (1861),  87;  5 
(1863),  439. 

1859:  9.  H.  Sainte-Claire  Deville  and  H.  Debbay.  Du  platine  et 
des  m6taux  qui  I'accompagnent.  (Properties,  general,  p.  38S; 
osmium,  392;  ruthenium,  405;  palladium,  413;  alloys,  414;  rho- 
dium, 415;  platinum,  419;  iridium,  431;  alloys,  .433;  iridosminm, 
437;  analysis,  439;  assay,  453;  cupellation,  457;  assay  of  residues. 


BIBLIOGRAPHY   OF  METALS   OP  THE   PLATINUM  GBOUP  111 

463;  assay  of  iridosmium,  470;  metallurgy,  484;  extraction  of  plat- 
inum by  fusion,  489;  preparation  of  alloys,  493.) 

Pt,  Pd,  Ir,  Os,  Rh,  Eu. 
Ann.  chim.  phys.  [3],  56  (1859),  385;  Ami.  des  *Mines  [5],  16 
(1859),  1;  Ann.  Chem.  (Liebig),  111  (1859).  209;  114  (1860),  78; 
Ann.  der  Phys.  (Pogg.),  107  (1859),  214;  J.  de  Pharm.  [3],  35 
(1859),  336;  C.  R.  48  (1859),  731;  rinstitut,  27  (1859),  118;  Pharm. 
J.  and  Trans.  [2],  1  (1859),  414,  470;  Polyt.  J.  (Dingier),  153 
(1859),  38;  154  (1859),  130,  199,  287,  383;  Chem.  News,  1  (1860),  5, 
15,  85;  Chem.  CentrbL  1859,  559,  668;  R6p.  chim.  pur.  1  (1859), 
325,  537;  Hep.  chim.  appl.  1  (1859),  435;  Amer.  J.  Sci.  [2],  29 
(1860),  113,  373,  379;  J.  Frank.  Inst.  [3],  40  (1860),  21;  Jsb. 
Chem.  1859,  230,  767;  Berg  u.  Hiitten  Ztg.  19  (1860),  20,  256, 
260,  272;  Chem.  tech.  Mitth.  (Eisner),-  9  (1859-60),  125;  Polyt. 
Centrbl.  26  (1860),  960;  Polyt.  Centrhalle,  10  (1859),  542. 

1859:  10.    H,  Dullo.    Ueber  Loslichkeit  des  Platins  in  Konigswasser. 

Pt. 
J.  prakt.  Chem.  78  (1859),  369;  Chem.  News,  1  (1860),  204;  Rep. 
chim.  pur.  2  (1860),  114;  R6p.  chim.  appl.  2  (I860),  183;  Jsb. 
Chem.  1859,  256;  J.  chim.  m6d.  [4],  6  (1860),  259;  Berg  u.  Hiit- 
ten Ztg.  19  (1860),  352;  Chem.  tech.  Mitth.  (Eisner),  10  (1860- 
61),  126. 

1859:  11.    W.  Eichler.     Beitrage  zur  Kenntniss  einiger  Osmiumver- 

bindungen.     (Potassium  osmite,  osmichlorid,  and  ammonio-silver 

osmichlorid.)  Os. 

Bui.  Soc.  Nat.  Moscou,  32,  i,  (1859),  152;  Archiv  Buss.  19  (1860), 

278;  Jsb.  Chem.  1860,  214. 

1859:  12.    W.  Knop.    Notiz  liber  die  Bereitung  der  Platincyaniddop- 
pelsalze.  Pt. 

Chem.  CentrbL  1859,  17;  B€p.  chim.  pur.  1  (1859),  249;  Jsb.  Chem. 
1859,  274. 

1859:  13.     G.  Werther.    Notiz  liber  Magnesiumplatincyaniir.  Pt. 

J.  prakt.  Chem.  76  (18.59),  186;  Chem.  Gaz.  17  (1859),  448;  Chem. 
Centrbl.  1859,  629;  Jsb.  Chem.  1859,  274. 

1859:  14.    V.    Schwarzenbach.     Verbindungen    der    Alkaloide    mit 
Platincyaniir.  Pt. 

Vierteljahrsch.  prakt.  Pharm.  8  (1859),  516;  Chem.  CentrbL  1860» 
304. 

f  859:  15.    W.  Kxop.    Ueber  eine  Eigenschaft  des  Platinsalmiaks,  Notiz 

iiber  ein   Zersetzungsproduct   des   Platinsalmiaks.      (Zerstauben 

beim  Erhitzen;  mit  Natronlauge  gekocht  und  mit  Essigsaure  ver- 

setzt,  gibt  Niedersehlag.)  Pt. 

Chem.  Centrbl.  1859.  241,  352;  Jsb.  Chem.  1859,  256. 
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1859:  16.  J.  ScHLOSSBEBGEB.  Kleesaure  aus  Alkohol  durch  Platin- 
chlorid.  Pt. 

Ann.  Chem.  (Liebig),  110  (1859),  247;  Rep.  chim.  pur.  1  (1859), 
419. 

1859:  17.  C.  A.  Mabtius.  Ueber  einige  Borverbindimgen.  (Bor- 
platin,  p.  81.)  Pt. 

Ann.  Chem.  (Liebig).  109  (1859),  79;  J.  prakt.  Chem.  77  (1859), 
125;  Chem.  Centrbl.  1859,  221;  Jsb.  Chem.  1858,  210. 

1859:  18.  E.  Becquebel.  Becherches  sur  divers  effets  lumineux  qui 
r&ultant  de  Taction  de  la  lumi^re  sur  les  corps.  (Optical  proper- 
ties of  the  platinocyanids,  p.  140.)  Pt. 

C.  R.  49  (1859),  27;  Ann.  chim.  phys.  [3],  57  (1859),  40;  Arch.  Sci. 
phys.  nat.  6  (1859),  21;  Phil.  Mag.  18  (1859),  524. 

1859:  19.  C.  B.  Gbeiss.  Ueber  die  Fluorescenz  des  Magnesium  Platin- 
cyaniir.  Pt. 

Ann.  der  Phys.  (Pogg.),  106  (1859),  645;  Jsb.  Chem.  1859,  275. 

1859:  20.  V.  Regnault.  Une  anomalie  de  la  chaleur  spiciiique 
d^echantillons  d^ridium.     (Oiling  to  osmium  present.)  Ir,  Os. 

C.  B.  49  (1859),  897;  J.  prakt.  Chem.  80  (1860),  500. 

1859:  21.    G.  Jenzsch.    Universal  Platintriangle.  Pt. 

Polyt.  J.  (Dingier),  151  (1859).  425. 

1859:  22.    H.  Dullo.    Ueber  das  Platiniren  von  Glas  und  Porcellan 

(and  solution  of  platinum  in  aqua  regin;  cf.  1859  :  10).  Pt. 

J.  prakt.  Chem.  78  (1859),  367;  Polyt.  J.  (Dingier),  157  (1860),  152; 

J.  chim.  m6d.  [4],  6  (1860),  258;  J.  Frank.  Inst.  [3],  42  (1861), 

414;  Bui.  Soc.  Encour.  Nat.  Indust.  Paris. 

1859:  23.  L.  Elsner.  Porzellanflachen  mit  einem  starken  Ueberzuge 
von  Platina  zu  iiberziehen.  Pt. 

Chem.  tech.  Mitth.    (Eisner),  9   (1859-60),  124;  Chem.  News,  4 
(1861),  13. 

1859:  24.    C.  F.  Vasserot.  Plating  glass  with  platinum  and  palladium. 

Pt,Pd. 
Repert.  of  Pat.  Invent.  [3],  33   (1859),  485;  Polyt.  J.  (Dingier), 
153   (1859),  42;  Polyt.  Centrhalle,  10  (1859),  576;  Chem.  tech. 
Mitth.  (Eisner),  9  (1859-60),  67. 

1859:  25.    Wild.    Einfache  Methode^  Kupfer  imd  Messing  auf  soge- 

nanntem  nassen  Wege  mit  Platin  zu  iiberziehen.  Pt. 

Arch.  Pharm.  148  (1859),  112;  Chem.  Centrbl,  1859,  541;  Polyt-  J. 

(Dingier),  153   (1859),  238;  Polyt.  Centrhalle,  10   (1859),  560; 

Chem.  tech.  Mitth.  (Eisner),  9  (1859-60),  126. 
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1859:  26.     0.  F.  Schonbein.    TTeber  die  katalytische  Zersetzung  des 

WasserstoffsuperoxydeB  durch  metallisches  Platin.  Pt. 

Gelehrte  Anz.  Miinchen,  49  (1859),  169;  Verh.  Natf.  GeseL  Basel, 

2   (1860),  280;  Ann.  der  Phys.   (Pogg.),  109   (1860),   130;  Ann. 

chim.  phys.  [3],  58  (1860),  486. 

1859:  27.    C.  F.  SchOnbein.    Beitrage  zur  nahem  Kenntniss  des  Sauer- 

stoffes.  R. 

Gelehrte  Anz.  Miinchen,  49  (1859),  529;  Verh.  Natf.  GeseL  Basel, 

2  (1860),  420;  Ann.  chim.  phys.  59  (1860),  102;  J.  prakt.  Chem. 

79  (1860),  65;  Ztsch.  anal.  Chem.  1  (1862),  9;  Ann.  der  Phys. 

(Pore.),  112  (1861),  281. 

1859:  28.    C.  F.  SchOkbein.    TJeber  die  chemische  Polarisation  des 

Sauerstoffes.  Pt. 

J.  prakt.  Chem.  78  (1859),  88;  Ann.  chim.  phys.  [3],  58  (1860),  479; 

Verh.  Natf.  GeseL  Basel,  2  (1860),  251;  Ann.  der  Phys.  (Pogg.), 

108  (1859),  471;  Chem.  News,  1  (I860),  109,  254;  Phil.  Mag.  IS 

(1859),  510. 

1859:  29.    M.  H.  Jacobi.    Note  sur  Femploi  d'une  contre-batterie  de 
platine  aux  lignes  61ectro-t61^gTaphiques.  Pt. 

C.  R.  49  (1859),  610. 

1860:  1.     V.  CoTTA.    Krystallisirtes  gediegenes  Platin.  Pt. 

Berg  nnd  Hiitten  Ztg.  19  (1860),  495;  Jahrbuch  Min.  1861,  327; 
Jsb.  Chem.  1860,  743. 

1860:  2.    M.  H.  Jacobi.    Sur  le  platine  et  son  emploi  comme  monnaie, 
St.  Petersburg,  1860.  8'.  Pt. 

1860:  3.    .    Ueber  die  Gewinnung  von  Roheisen,  Kupfer, 

Gold  und  Platin  in  den  Bjronsberg  und  Hiittenwerken  des  Uralge- 

birges  im  Jahre  1858.  Pt. 

Russ.  Berg.  Joum.  1860;  Berg  und  Hiitten  Ztg.  19  (1860),  489. 

1860:  4.    H.  Sainte-Claibe  Deyille  and  H.  Debbay.    De  la  fusion 
et  du  moulage  du  platine.  .  R. 

C.  R.  50  (I860),  1038;  J.  prakt.  Chem.  80  (1860),  500;  Chem.  News, 
2  (1860),  24;  Chem.  Centrbl.  1860,  639;  Tlnstitut,  28  (I860)*,  194; 
Polyt.  J.  (Dingier),  157  (1860),  64;  Amer.  J.  Sci.  [2],  30  (I860), 
158;  Jsb.  Chem.  1860,  205;  R£p.  chim.  appl.  2  (1860),  220;  J. 
Frank.  Inst.  [3],  40  (1860),  123;  Berg  u.  Hiitten  Ztg.  20  (1861), 
170. 

I860:  5.  H.  Sainte-Claibe  Devillb  and  H.  Debbay.  De  la  m6tal- 
lurgie  du  platine  et  des  m^tauz  qui  raccompagnent.  (Assay^  Ann. 
chim.  phys.  61  : 8;  cupellation,  12,  30;  direct  fusion,  57;  treatment 
of  ores  in  dry  way,  67;  extraction  of  iridium  and  rhodium,  76; 
8 
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rathenium  and  palladium^  78;  treatment  of  the  platinum  of  old 
Bussian  coin,  88.)  Pt,  Pd,  Ir,  Os,  Eh,  Ru. 

Ann.  des  Mines  [5],  18  (1860),  71,  325;  Ann.  chim.  phys.  [3],  61 
(1861),  6;  Polyt.  J.  (Dingier).  166  (1862),  198;  Polyt.  Ccntrbl.  27 
(1861),  1263;  Jsb.  Chem.  1861,  881;  Berg  u.  Hiitten  Ztg.  21 
(1862),  76;  Chem.  tech.  Mitth.  (Eisner),  12  (1862-63),  138. 

I860:  6.  W.  GiBBS.  Researches  on  the  platinum  metals.  (Ammonium 
compounds  of  osmium  and  palladium;  nitric  acid  compounds  of 
iridium.)  Os,  Pd,  Ir. 

Amer.  J.  Sci.  [2],  29  (1860),  427;  Jsb.  Chem.  1860,  ;217;  Chem. 
News,  2  (1860),  179. 

I860:  7.    BoEDEKBB.    Die   Beziehung   zwischen   Dichte  und   Zosam- 

mensetzung  bei   festen  xmd   liquiden   Stoffen.    Leipzig,    1860. 

'  (Composition  and  specific  gravity  of  platinum  and  iridiimi  chlorids- 

and  platinum  iodids.)  Pt,  It. 

Jsb.  Chem.  1860, 16. 

I860:  8.    H.  Schifp.    Die  Polysulfurete  der  Schwermetalle.     (Plati- 
num.) Pt. 
Ann.  Chem.  (Liebig),  115  (1860),  73. 

I860:  9.  C.  Klippel.  Ueber  das  Methplumbathyl.  (Methplumbathyl- 
chloriir-Platinchlorid,  p.  298.)  Pt. 

J.  prakt.  Chem.  81  (1860),  287. 

I860:  10.  J.  W.  Mallet.  On  osmious  acid  and  the  position  of  osmium 
in  the  list  of  elements.  Os. 

Amer.  J.  Sci.  [2],  29  (1860),  49;  Phil.  Mag.  [4],  19  (1860),  S93; 
Chem.  News,  1  (1860),  206;  B£p.  chim.  pur.  2  (I860),  209;  Jsb. 
Chem.  1860,  213. 

I860:  11.  A.  W.  HoFMANN.  Contributions  to  the  history  of  the  phos- 
phorus-bases.    (Analyses  of  chloroplatinates  of  phosphorus-bases.) 

Pt. 

Ann.  chim.  phys.  [3],  62  (1861),  385;  63  (1861),  257;  64  (1862),  110; 
J.  Chem.  Soc.  13  (1860),  289;  14  (1861),  73,  316;  Ann.  Chem. 
(Liebig),  Suppl.  band,  1  (1861),  1,  145,  275;  J.  prakt.  Chem.  S7 
(1862),  182;  Q.  J.  Chem.  Soc.  13  (1861),  4;  Phil.  Trans.  London, 
150  (1860),  409. 

I860:  12.    E.  A.  Hadow.    On  the  composition  of  the  platinidcyanids. 

Pt. 

Q.  J.  Chem.  Soc.  13  (1860),  106;  Chem.  News,  1  (1860),  183;  B£p. 
chim.  pur.  2  (1860),  220;  Jsb.  Chem.  1860,  226. 
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I860:  18.    0.  OzuDNOWioz.    Beitrage  zur  Kenntniss  der  Ceroxydulver- 

bindnngen  und  der  Lanthanozydsalze.    (Cerium  platinocyanid^ 

p.  29;  Lanthan  platinocyanid^  p.  36.)  Ft. 

J.  prakt.  Chem.  80   (1860),  29;  Chem.  CentrbL  1860,  1015;  B6p. 

chim.  pur.  2  (1860),  317,  321;  Ztsch.  Chem.  3  (1860),  532;  Jsb. 

Chem.  1860,  124. 

I860:  14.  C.  A.  Mabtitjs.  XJeber  die  Cyanverbindungen  der  Platin- 
metalle.    (Inang.  Difis.)  OSttingen,  1860.    Pt,  Pd,  Lr,  Os,  Bh,  Bu. 

Ann.  Chem.  (Liebig),  117  (1861),  357;  Chem.  Centrbl.  1861,  545; 
1862,  139;  Chem.  News,  5  (1862),  323;  R6p.  chim.  pur.  4  (1862), 
97;  Phil.  Mag.  [4],  21  (1861),  502;  Jsb.  Chem.  1860,  202,  230. 

I860:  15.    A.  H.  Chubch  and  E.  Owen.    On  cespitine  and  other  bases 

produced  by  the  destructive  distillation  of  peat.    (Platinum  ces- 

pityl  anunonium.)  Pt. 

Phil.  Mag.  [4],  20   (1860),  110;  J.  prakt.  Chem.  83   (1861),  225; 

Chem.  News,  2  (1860),  133,  146;  Chem.  Centrbl.  1860,  803;  Jsb. 

1860,  358. 

I860:  16.  G.  von  Rath.  Krystallographische  Beitrage.  Kaliumpla- 
tinsesquicyanlir,  2(KaCy)  +  Pt^Cy,  +  6Aq.  Pt. 

Ann.  der  Phys.  (Pogg.),  110  (1860),  110. 

1860:  17.  W.  Cbossley.  On  the  melting  points  of  some  of  the  ele- 
ments. (Relation  between  the  melting  point  and  atomic  volume 
of  platinum  and  ^.«iilaSiiim.)  Pt,  Pd. 

Chem.  N^A^s,  2  (1860),  88. 

1860:  18.    Delanue.    Entdecknng  hammerbar  Platins.  Pt. 

J.  des  Mines,  1860,  548;  Berg  u.  Hiitten  Ztg.  20  (1861),  335. 

1860:  19.    0.  L.  Ebdmann.    TJeber  die  Reinigung  der  Platintiegel,  nnd 

das  Yerhalten  derselben  in  der  Gasflamme.  Pt. 

J.  prakt.  Chem.  79  (1860),  117;  Polyt.  J.  (Dingier).  156  (1860),  393; 

R6p.  chim.  appl.  2  (1860),  127;  Ztsch.  Chem.  3  (1860),  316;  Jsb. 

Chem.  1860,  205;  Chem.  News,  2  (1860),  256;  J.  Frank.  Inst.  [3], 

41  (1861),  196;  Berg  n.  Hiitten  Ztg.  20  (1861),  40.    . 

I860:  20.    F.  G.    Cleaning  of  platinum  (with  sodium  amalgam).       Pt. 

Chem.  News,  2  (1860),  286;  J.  prakt.  Chem.  83  (1861),  272;  Polyt. 

J.  (Dingier),  161  (1861),  75;  J.  Frank.  Inst.  [3],  41  (1861),  390; 

42  (1862),  180  (dupl.);  Jsb.  Chem.  1861,  316. 

I860:  21.  J.  Pelouze.  Medaillen  aus  Legirungen  von  Platinum  mit 
Iridium.  Pt,  Lr,  Rh. 

Polyt.  J.  (Dingier),  155  (1860),  118. 

I860:  22.  J.  Niokles.  Letter  on  new  alloys  of  platinum  (by  H.  St.  C. 
Deyille  and  H.  Debray).  Pt,  Lr,  Os. 

Amer.  J.  Sci.  [2],  29  (1860),  270. 


116  BIBLIOGRAPHY  OF  METALS   OF  THE   PLATINUM   GROUP 

1861:  1.    J.  ToRRBY.    Occurrence  of  iridosmium  in  California.     (Foot- 
note to  Gibbs'  Besearches.)  Ir,  C^. 

Amer.  J.  Sci.  [2],  31  (1861),  69. 

1861:  2.    Q.  Sella.    Sulla  forme  cristalline  di  alcuni  sali  derivati  dell' 
ammoniaca.    (Chloroplatinates  of  ethylphosphins.)  Pt. 

Gimento,  13  (1861),  349;  14  (1861),  37;  15  (1862),  145;  M^m.  Acad. 
Torino  [2],  20  (1863),  355. 

1861:  8.    E.  GuEYMARD.    Notice  sur  le  dosage  du  platine  qui  se  trouTe 

k  r^tat  de  diffusion  dans  les  gttes  m^talliques  ou  dans  les  roches 

des  Alpes  du  Dauphin^  et  de  la  Savoie.  Pt. 

C.  B.  53  (1861),  98;  Chem.  News  5  (1862),  7;  B^p.  chim.  appL  3 

(1861),  365. 

1861:  4.    A.  A.  Damour.    Note  sur  la  presence  du  platine  et  de  retain 

m^tallique  dans  les  terrains  aurifires  de  la  Guyane.  Pt. 

C.  B.  52  (1861),  688;  Ann.  des  Mines  [6],  8  (1865),  250;  J.  prakt. 

Cbem.  87  (1862),  250;  B6p.  chim.  pur.  3  (1861),  221;  B£p.  chim. 

appl.  3  (1861),  181;  Jsb.  Chem.  1861,  969. 

1861:  5.    M.  Faraday.    On  platinum.    (Lecture  at  the  Boyal  Institu- 
tion, Feb.  22,  1861.)  Pt,  Pd,  Ir,  Os,  Rh,  Bu. 
Proc.  Boy.  Inst.  3  (1858-62),  321;  Chem.  News,  3  (1861),  136. 

1861:  6.    W.  GiBBS.    Besearches  on  the  platinum  metals.    (Chiefly  on 
separation  of  the  metals;  review  of  history  and  proposal  of  new 
method  with  nitrites.)     ("Beprinted  from  the  Contributions  t4) 
Knowledge  of  the  Smithsonian  Institution,  vol.  12**;  not,  how- 
ever, so  published.)  Pt,  Pd,  Ir,  Os,  Bh,  Bu- 
Amer.  J.  Sci.  [2],  31   (1861),  63;  34  (1862),  341;  31  (1864),  57;  J. 
prakt.  Chem.  84  (1861),  65;  91  (1864),  171;  94  (1865),  10;  Chem. 
News,  3  (1861),  130,  148;  7  (1863),  61,  73,  97;  9  (1864),  121;  Bep 
chim.  pur.  3  (1861),  218;  4  (1862),  259;  Bui.  Soc  Chim.   [2],  2 
(1864),  39;  3  (1865),  285;  Chem.  Centrbl.  1864,  355;  Ann.  Chem. 
(Liebig),  120  (1861),  99;  Ztsch.  anal.  Chem.  5  (1866),  117,  132, 
136;  Polyt.  J.  (Dingier),  166  (1862),  396;  Jsb.  Chem.  1861,  32S; 
1862,  231;  1863,  290;  1864,  287;  Berg  u.  Hiitten  Ztg.  21   (1862), 
256. 

1861:  7.    G.  KiRCHHOFF  and  B.  W.  Bunsen.  Chemische  Analyse  duich 

Spectralbeobaehtungen.     (Solubility   of   rubidium   and   cesium 

platinichlorids,  p.  352,  371.)  Pt. 

Ann.  der  Phys.   (Pogg.),  113   (1861),  337;  Ann.  chim.  phys.  64 

(1862),  257;  J.  prakt.  Chem.  85  (1862),  65;  J.  de  Pharm.  [3],  40 

(1861),  311;  Chem.  News,  4   (1861),  44;  Ztsch.  anal.  Chem.   1 

(1862),  62;  Phil.  Mag.  [4],  22  (1861),  329,  498;  Jsb.  Chem.  1861. 

176,  180. 
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1861:  8.  M.  HoLZMANN.  Ziir  Kenntniss  der  Cerverbindungen.  (Oer- 
chloriir  platinchlorid,  p.  80.)  R. 

J.  prakt.  Cbem.  84  (1861),  76;  Phil.  Mag.  [4],  22  (1861),  216;  Jsb. 
Cheni.  1861,  188. 

1861:  9.  J.  Lang.  Om  nigra  nya  Flatinoxydulforeningar,  TJpsala^ 
1861.    (Siilfate,  sulfite,  nitrite.)  Pt. 

J.  prakt.  Cbem.  83  (1861),  415;  B^p.  cbim.  pur.  4  (1862),  220;  Jsb. 
Cbem.  1861,  316. 

1861:  10.  J.  Lang.  Bidrag  till  Kannedomen  om  Flatinachlorurens 
dnbbelforeningar.    (Platinum  double  chlorids.)  Pt. 

Oefvers.  Akad.  Forb.  Stockbolm,  18  (1861),  227;  J.  prakt.  Cbem. 
86  (1862),  126;  Cbem.  CentrbL  1862,  672;  Jsb.  Cbem.  1862,  230. 

1861:  11.    E.  Baudrimont.    Action  ezerc^e  par  le  percUorure  de  phos- 

phore  BUT  plusieurs  616ment8  chimiques.     (Action  of  phosphorus 

pentachlorid  on  platinum.)  Pt. 

C.  B.  53  (1861),  637;  J.  prakt.  Cbem.  87  (1863),  303;  R6p.  cbim. 

pur.  4  (1862),  61;  Ztscb.  Cbem.  5  (1862),  119;  Jsb.  Cbem.  1861, 

113;  Bui.  Soc.  Cbim.  1861,  117. 

1861:  12.  L.  T.  Lange.  Ueber  einige  neue  Cerverbindungen.  (Cerium 
platincyaniir,  p.  144.)  Pt. 

J.  prakt.  Cbem.  82  (1861),  144;  Cbem.  CentrbL  1861,  456;  B^p. 
cbim.  pur.  3  (1861),  471;  Jsb.  Cbem.  1861, 187. 

1861:  13.  J.  NiCKLES.  Sur  les  combinaisons  formies  par  les  bromures 
m^talliques  avec  Tether.  (Platinum  and  palladium  bromid  with 
ether.)  Pt,Pd. 

C.  B.  52  (1861),  869;  J.  de  Pbarm.  [3],  39  (1861),  423;  B6p.  cbim. 
pur.  3  (1861),  232;  I'lnstitut,  29  (1861),  150;  Jsb.  Cbem.  1861,  200. 

1861:  14.  P.  Griess  and  C.  A.  Mabtius.  Note  sur  r^thyltoe-chlorure 
de  platine.  Pt. 

-  C.  B.  53  (1861),  922;  Ann.  Cbem.  (Liebig),  120  (1861),  324;  J. 
prakt.  Cbem.  86  (1862),  427;  Cbem.  CentrbL  1862,  773;  B6p. 
cbim.  pur.  4  (1862),  112. 

1861:  15.  p.  T.  Cleye.  Om  nagra  ammoniakaliska  Chromforeningar. 
(Platinum  chlorids  of  chromium  bases.)  Pt. 

Oefyersigt.  Akad.  ForbandL  Stockbolm,  18  (1861),  163. 

1861:  16.    A.  BicHAMP  and  C.  Saint  PiIsbbe.    Recherches  sur  la  sepa- 
ration (par  voie  humide)  de  Tor  et  du  platine,  d'avec  P6tain  et 
Fantimoine.    Seduction  du  perchlorure  du  fer  par  le  platine.    Pt. 
C.  B.  52  (1861),  757;  J.  prakt.  Cbem.  84  (1861),  382;  Cbem.  News, 
4  (1861),  284;  B^p.  cbim.  pur.  3   (1861),  232;  BuL  Soc.  Cbim. 
1861,  67;  Polyt.  J.  (Dingier),  160  (1861),  372;  Jsb.  Cbem.  1861, 
865. 
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1861:  17.  V.  Paget.  Obserrations  sur  line  note  de  M.  Btehamp  et 
Saint-Piirre.  Pt. 

Bui.  Soc.  Chim.  1861,  66;  Jsb.  Chem.  1861,  865. 

1861:  18.    C.  SAiNT-PiiBBB.    Beponse  k  M.  Paget.    (Eeduction  of  fer- 
ric chlorid  by  platinum.)  Pt. 
Bui.  Soc.  Chim.  1861,  68. 

1861:  19.  E.  Saint-Edmb.  Sut  la  faculty  qu'a  le  platine  rendu  incan- 
descent par  un  courant  61ectrique  de  produire  des  combinaisons 
gazeuaes.  Pt. 

C.  R.  52  (1861),  408;  Chem.  News,  3  (1861),  385;  4  (1861),  118. 

1861:  20.    P.  Cbace-Calvebt,  H.  Johnson  and  G.  C.  Lowe.    On  the 
expansion  of  metals  and  alloys.     (Expansion  of  platinum.)        Pt. 
Chem.  News,  3  (1861),  357;  Jsb.  Chem.  1861, 17. 

1861:  21.  E.  P.  VON  Gobup-Besanez.  TJeber  die  Producte  der  Ein- 
wirkung  des  Platinmohrs  auf  Mannit.  Pt. 

Ann.  Chem.  (Liebig),  118  (1861),  257;  J.  prakt.  Chem.  84  (1861). 
462;  R6p.  chim.  pur.  3  (1861),  401. 

1861:  22.    v.  Bbonault.    Sur  le  chaleur  sp^cifique.    (M^tauz  qui  ac- 

compagnent  le  platine,  p.  13.)  Pt,  Os,  Bh,  Ir. 

Ann.  chim.  phys.   [3],  63   (1861),  5;  Ann.  Ch^m.   (Liebig),   121 

(1862),  237;  Chem.  Centrbl.  1862,  442;  PhU.  Mag.  [4],  23  (1862), 

110;  R6p.  chim.  pur.  4  (1862),  81;  Ztsch.  Chem.  5  (1862),  ITS; 

Jsb.  Chem.  1861,  26. 

1861:  23.     G.  Kibchhoff.    Untersuchung  liber  das  Sonnenspectrum 
und  die  Spectren  der  chemischen  Elemente.  R,  Pd,  Ir,  Os,  Kh,  Bu. 
Abh.  Akad.  Berlin,  1861,  63;  1862,  227;  Ann.  chim.  phys.  68  (1863), 
1;  Cimento,  16  (1862),  199. 

1862:  1.    H.  LuDwio.    Calif omisches  Platinerz.  Pt  (&c.). 

Arch,  der  Pharm.  [2],  110  (1862),  14;  Jsb.  Chem.  1862,  707. 

1862:  2.  C.  P.  Chandler.  A  new  metal  in  the  native  platinum  of 
Rogue  River,  Oregon.  — Tt. 

,  Amer.  J.  Sci.  [2],  32  (1862),  351;  Chem.  News,  6  (1862),  30;  Ann. 
der  Phys.  (Pogg.),  117  (1862),  190;  J.  prakt.  Chem.  88  (1863), 
191;  Chem.  Centrbl.  1862,  559;  I'lnstitut,  30  (1862),  308;  Bep. 
chim.  pur.  4  (1862),  409;  PhU.  Mag.  [4],  24  (1862),  168;  Jabu 
Chem.  1862,  351;  J.  Frank.  Inst.  [3],  55  (1868),  301. 

1862:  3.  H.  von  Jossa.  Ueber  die  Erzeugnisse  der  imter  der  Au&icht 
des  uralischen  Oberbergamtes  stehenden  Privat  Berg-  void  Hut- 
tenwerke  des  Uralgebirges  im  Jahre  1859.  Pt. 

Berg  nnd  Hfitten  Ztg.  21  (1862),  363. 
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1862:  4.  H.  von  Jossa.  Ueber  die  Erzeugnisse  der  unter  dem  Mos- 
kauer  Oberbergamtes  stehenden  Trans-Moskowiachen  Berg-  und 
Hiittenwerke  flir  das  Jahr  1869.  Pt. 

Berg  und  Hutten  Ztg.  21  (1862),  417. 

1862:  5.    T.  L.  Phipson.     On  crystallized  platinum.  Pt. 

Chem.  News,  5  (1862),  144;  Jab.  Chem.  1862,  229. 

1862:  6.    A.  Noble.    Crystallized  platinum.  Pt. 

Chem.  News,  5  (1862),  168;  Jsb.  Chem.  1862,  229. 

1862:  7.    H.  Sainte-Clairb  Deville  and  H.  Debray.    Sur  la  m6tal- 

lurgie  du  platine.  .  Pt,  Ir,  Bh,  Os. 

C.  R.  54  (1862),  1139;. J.  prakt.  Chem.  87  (1862),  293;  Chem.  News, 

6  (1862),  150;  Chem.  CentrbL  1862,  507;  I'lnstitut,  30  (1862),  177; 

Polyt.  J.  (Dingier),  165  (1862),  205;  Jsb.  Chem.  1862,  642;  Chem.  ^ 

tech.  Mitth.  (Eisner),  12  (1862-63),  138. 

1862:  8.    .    Platinum  standard  kilogram.     (Report  from  C. 

R,  and  Prussian  GoVt.)  R. 

Chem.  News,  5  (1862),  64. 

1862:  9.    C.  Glaus.    (Ruthenium  als  Reagenz.)  Ru. 

Pharm.  Ztsch.  fur  Russland,  1  (1862),  303;  Jsb.  Chem.  1863,  697. 

1862:  10.  C.  Claus.  TJeber  ein  allgemeines  Verfahren,  die  einzelnen 
Platinmetalle  in  ihren  verschiedenartigen  Verbindungen  zu  erken- 
nen.  Pt,  Pd,  Ir,  Os,  Rh,  Ru. 

Pharm.  Ztsch.  fiir  Russland,  1  (1862),  333. 

1862:  11.    E.  Baudrimont.    Reeherches  sur  les  combinaisons  du  per- 

chlorure  de  phosphore  avec  d'autres  chlonires.  Pt. 

C.  R.  55  (1862),  361,  419;  J.  prakt.  Chem.  88  (1863),  79;  91  (1864), 

105;  J.  de  pharm.  [3],  42  (1862),  190;  Chem.  Centrbl.  1863,  151; 

R6p.  chim.  pur.  4  (1862),  403;  Ztach.  Chem.  5  (1862),  572;  Jsb. 

Chem.  1862,  55. 

1862:  12.  H.  Schiff.  Zur  Kenntniss  der  metallhaltigen  Ammonium- 
derivate.  Pt,  Pd,  Ir,  Os,  Rh,  Ru. 

Ann.  Chem.  (Liebig),  123  (1862),  1. 

1862:  13.    C.  D.  Braun.  Ueber  ammoniakalische  Kobaltverbindungen. 

Inaug.  Diss.  Oottingen,  1862.     (Platinum  salts  of  cobalt  bases.) 

Ann.  Chem.  (Liebig),  125  (1863),  153,  197;  Jsb.  Chem.  1862,  207.  Pt. 

1862:  14.    C.  Saint-Pierre.    Sur  la  reduction  du  perchlorure  de  fer 

par  le  platine,  le  palladium,  et  Tor;  reduction  des  chlonires  d*or  et 

de  palladium  par  le  platine.  Pt,  Pd. 

C.  R.  54  (1862),  1077;  Bui.  soc.  chim.  1862,  74;  J.  prakt.  Chem.  90 

(1863),  380;  R6p.  chim.  pur.  4  (1862),  252;  R£p.  chim.  appl.  4 
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(1862),  293;  Ztsch.  anaL  Chem.  1  (1862),  482;  Ztsch.  Chem.  5- 
(1862),  433;  Jsb.  Chem.  1862,  80. 

1862:  15.  J.  Personne.  Note  sur  la  reduction  du  perchlorure  de  fer 
par  Taction  de  la  chaleur  et  sur  son  pouvoir  chlorurant.  (Rednc- 
tion  by  platinum  and  palladium.)  Pt,  Pd^ 

Bui.  Boc.  chim.  1862,  66;  Jsb.  Chem.  1862, 196. 

1862:  16.  A.  C.  Becquerel  and  E.  Becquerel.  Seduction  aectro- 
chimique  du  cobalt,  du  nickel,  de  Tor,  de  I'argent  et  du  platine. 

Pt. 
C.  R.  55  (1862),  18;  Chem.  News,  6  (1862),  126;  Ann.  Chem.  (Lie- 
big),  124   (1862),  311;  J.  prakt.  Chem.  86   (1862),  503;  Chem. 
Centrbl.  1862,  772;  Rep.  chim.  pur.  4  (1862),  321;  Polyt.  J.  (Ding- 
ier), 165  (1862),  373. 

1862:  17.  E.  Becquerel.  Recherches  sur  la  determination  des  hautes 
temperatures  et  Tirradiation  des  corps  incandescents.  (Fusion  of 
platinum  and  palladium,  Ann.  chim.  phys.,  68  :  136;  porosity  of 
platinum  in  pyrometer.)  Pt,  Pd. 

C.  R.  55  (1862),  826;  57  (1863),  855;  Ann.  chim.  phys.  [3],  68  (1863), 
49;  rinstitut,  31  (1863),  369;  Jsb.  Chem.  1863,  25. 

1862:  18.  H.  Sainte-Clairb  Deville  and  H.  Dbbray.  Platine  ag- 
glom^ri  par  voie  de  fusion.  Pt 

Rep.  chim.  appL  4  (1862),  294. 

1862:  19.  J.  P.  Joule.  On  some  amalgams.  (Platinum  amalgams,  p. 
122.)  PL 

Mem.  PhiL  Soc.  Manchester,  [3],  2  (1865),  115;  J.  Chem.  Soc.  1ft 
(1863),  384;  Chem.  CentrbL  1864,  222;  Jsb.  Chem.  1863,  382. 

1862:  20.     C.  Aubel.    Das  Schmelzen  des  Platins  mittelst  Holzkohlen« 

Polyt.  J.  (Dingier),  165  (1862),  278;  Berg  u.  Hiitten  Ztg.  21  (1862), 
392. 

1862:  21.    W.  Heraeus.    TJeber  das  Schmelzen  des  Platins  in  Beriih- 

rung  mit  Kohle.  Pt. 

Polyt.  J.  (Dingier),  167  (1863),  132;  Polyt.  Centrbl.  28  (1862),  344. 

1434;  Rep.  chim.  appl.  5  (1863),  134;  Berg    u.  Hiitten   Ztg.   22 

(1863),  256. 

1862:  22.     [P.  H.  Storer?]     American  process  of  working  platinum. 

Pt. 

Amer,  J.  Sci.  [2],  33  (1862),  124;  R4p.  chim.  appL  4  (1862),  294. 

1862:  23.  .  Bericht  iiber  einzelne  Abtheilungen  der  Lon- 
doner Industrie-Auestellung.  (Exhibit  of  Johnson,  Matthey  & 
Co.,  p.  290.)  Pt,  Pd,  It,  Os,  Rh,*Ru. 

Berg  u.  Hiitten  Ztg.  21  (1862),  289. 
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• 

1862:  24.    J.  Hunt.    (Bronzing  of  copper  and  copper  alloys  by  plati- 
num chlorid.)  Pt. 

Engl.  Patent,  June  17,  1862;  London  Jonm.  of  Arts,  17  (1863), 
102;  Polyt.  J.  (Dingier),  168  (1863),  35;  Chem.  CentrbL  1863, 
560;  Polyt.  Centrbl.  29  (1863),  549;  Chem.  tech.  Mitth.  (Eisner), 

12  (1862-63),  140. 

1862:  25.  E.  Wiederholt.  Ueber  die  Zersetzung  des  chlorsauren 
Kalis,  bei  niederer  Temperatur  durch  Braunstein  (und  Platin- 
schwarz).  Pt. 

Ann.  dcr  Phys.  (Pogg.).  116  (1862),  171;  Chem.  News,  7  (1863), 
157;  Chem.  Centrbl.  1862,  808;  R§p.  chim.  pur.  5  (1863),  9;  Ztsch. 
Chem.  5  (1862),  503;  Jsb.  Chem.  1862,  77. 

1862:  26.  W.  A.  Miller.  On  the  photographic  transparency  of  var- 
ious bodies  and  on  the  photographic  effects  of  metallic  and  other 
spectra  obtained  by  means  of  the  electric  spark.  Pt. 

PhiL  Trans.  London,  152  (1862),  861;  J.  Chem.  Soc.  17  (1864),  77. 

1863:  1.  0.  C.  Marsh.  Platinum  and  platinum  metals  at  Interna- 
tional Exhibition  at  London,  1862.  Pt,  Pd,  Ir,  Os,  Rh,  Ru. 

Amer.  J.  Sci.  [2],  35  (1863),  256. 

1863:  2.  A.  Guyard.  NTouveau  proc6d6  d'extraction  des  mitaux  des 
residues  platinif feres.  Pt,  Pd,  Ir,  Os,  Rh,  Ru. 

C.  R.  56  (1863),  1177;  Chem.  News,  8  (1863),  106;  Chem.  Centrbl. 
1863,  952;  Polyt.  J.  (Dingier),  169  (1863),  278;  Ztsch.  Chem.  6 
(1863),  740;  Jsb.  Chem.  1863,  290;  Berg  u.  Hiitten  Ztg.  22  (1863), 
440;  Polyt.  CentrbL  29  (1863),  1236;  Chem.  tech.  Mitth.  (Eisner), 

13  (1863-64),  152. 

1863:  3.  E.  Jacobi.  Monographia  metalla  Osmia.  (Monograph  of 
osmium.)    (Dissertation.)    Saint  Petersburg,  1863.  Os. 

1863:  4.  R.  Bottger.  Ueber  das  Vorkommen  des  Thalliums  in  salini- 
schen  Mineralwassem.  (Bereitung  des  Platinchlorids  von  Platin- 
abfallen,  u.  s.  w.,  p.  246.)  Pt. 

Ann.  Chem.  (Liebig),  128  (1863),  140;  Chem.  Centrbl.  1865,  127; 
Begliickwiinschschrift  phys.  Ver.  Frankfurt,  1863,  3;  Ztsch. 
anal.  Chem.  3  (1864),  137;  Jsb.  Chem.  1863,  289;  Polyt.  Notizbl. 
18  (1863),  309;  Chem.  tech.  Repert.  2  (1863),  90;  Chem.  tech. 
Mitth.  (Eisner),  13  (1863-64),  143. 

1863:  5.  E.  Millon  and  A.  Commaille.  Etudes  chimiques  sur  le 
cuivre.     ((IJhloroplatinate  of  cupro-ammonium.)  Pt. 

C.  R.  57  (1863),  820;  Chem.  Centrbl.  1864,  181,  525;  Chem.  News,  9 
(1864),  49;  Bui.  soc.  chim.  [2],  1  (1864),  357;  Jsb.  Chem.  1863,  289. 
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1863:  6.    H.   Debus.    Ueber   die   Darstellung  dee  Methylamins   aus 

Blausaure  und  Wasserstoff  (durch  Platinschwarz).     (Cyanid  of 

platinum  and  methylamin.)  Pt. 

Ann.  Chem.  (Liebig).  128  (1863),  200;  Bui.  soc.  chim.  6  (1866),  381: 

Chem.  Centrbl.  1864,  8;  J.  Chem.  Soc.  16   (1863),  249;   Ztsch. 

Chem.  6  (1863),  721;  Jab.  Chem.  1863,  407. 

1863:  7.    W.  Delffs.    Ueber  ein  nenes  zur  Diagnose  der  Alkaloide  be- 
sonders  geeignetes  Beagens.     (Potassium  platinocyanid.)  Pt. 

Verb.  Nathist.  Med.  Ver.  Heidelberg,  3  (1863?),  20;  Ztsch.  anal. 
Chem.  3  (1864),  152;  Ztsch.  Chem.  6  (1863),  630. 

1863:  8.     C.  Matteucci.     Sur  la  diffusion  des  gaz  k  travers  certains 

corps  poreux  (platine).  Pt. 

C.  R.  57  (1863),  251;  BuL  soc.'chim.  5  (1866),  546;  Chem.  Centrbl 

1864,  225;  rinstitut,  31  (1863),  253;  J.  de  Pharm.  [3],  45   (1S64). 

221;  N.  Arch.  ph.  Nat.  18  (1863),  103;  Jsb.  Chem.  1863,  23. 

1863:  9.  H.  Sainte-Claibb  Dbville  and  L.  Tboost.  De  la  mesure 
des  temperatures  61ev6es.  (Porosity  of  platinum  at  high  tem- 
peratures.) Pt,  Pd. 
C.  R.  56  (1863).  977;  Ann.  Chem.  (Liebig),  SuppL  2  (1863),  3S7; 

Chem.  ClentrbL  1863,  1048;  Chem.  News,  7  (1863),  294;  Bui.  soc. 

chim.  5  (1866),  433;  I'lnstitut,  31  (1863),  161;  N.  Arch.  ph.  Kat. 

18  (1863),  99;  Polyt.  J.  (Dingier),  171  (1864),  199;  PhiL  Mag. 

[4],  26  (1863),  336;  RSp.  chim.  appl.  5  (1863),  236;  Ztsch.  anal. 

Chem.  2  (1863),  351;  Jab.  Chem.  1863,  23;  J.  Frank.  Inst.  [3],  52 

(1866),  418. 

1863:  10.    W.  Heldt.    Ueber  die  sogenannte  Passivitat  der  Metalle 
Platin  und  Zinn.  Pt. 

J.  prakt.  Chem.  90  (1863),  260. 

1863:  11.    T.  BiCHTER.    Ueber  die  Schmelzung  des  Platins  mittekt 
Holzkohlen.  Pt 

Berg  u.  Hiitten  Ztg.  22  (1863),  195;  from  Berg  u.  Hutten  Jahrb. 
12  (1863). 

1863:  12.    C.  Aubel.    Schmelzung  des  Platins  im  Focus  der  Diise  eines 
Eisenhohofens  auf  Hetortenkoks-Unterlage.  Pt. 

Polyt.  J.  (Dingier),  168  (1863),  28;  Rep.  chim.  appl.  5  (1863),  134: 
Berg  iL  Hiitten  Ztg.  22  (1863),  272. 

1863:  13.     C.  A.   Gruel.    Die   Schweissbarkeit  des  Platins   und  ihr 
Nutzen  in  der  physikalischen  Technik.  Pt 

Polyt  J.  (Dingier),  170  (1863),  284. 

1863:  14.     P.  TuNNER.     Bericht  tiber  die  metallurgischen  G^egenstande 
der  Londoner  Weltindustrie-Ausstellung  von  1862.    Wien,  1863. 
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(1 24.    H.  Miiller,  Palladimn-Platinirung;  27.    Platindarstellung 
nach  Deville  durch  Schmelzung.)  Pt,  Pd. 

Berg.  u.  Hiitten  Ztg.  22  (1863),  168. 

1863:  16.    .    (Plating  with  platinum.)  Pt. 

N.  Jabrb.  fiir  Pharm.  19  (1863),  323;  Cbem.  Centrbl.  1863,  896. 

1863:  16.  Hageb.  (Substances  which  should  not  be  fused  in  platinum 
crucibles.)  Pt. 

J.  de  Pbarm. ;  Cbem.  News,  8  (1863),  12. 

1863:  17.    W.  Fbazeb.    Osmium  spectrum.  Os. 

Cbem.  News,  8  (1863),  34;  Cbem.  CentrDl.  1864,  223;  Amer.  J.  Sci. 
[2],  36  (1863),  267;  Ztscb.  anal.  Cbem.  2  (1863),  353. 

1863:  18.  G.  Quincke.  Ueber  die  optische  Eigenschaften  der  Metalle. 
(Platinum.)  Pt. 

Monatsber.  Acad.  BerUn,  1863,  115;  Ann.  der  Tbys.  (Pogg.),  119 
(1863),  385. 

1864:  1.  M.  C.  Lea.  Notes  on  the  platinum  metals,  and  their  separa- 
tion from  each  other.  (Use  of  oxalic  acid  in  addition  to  Claus' 
process.)  Pt,  Pd,  Ir,  Os,  Rh,  Bu. 

'  Amer.  J.  Sci.  [2],  38  (1864),  81,  248;  J.  prakt.  Cbem.  95  (1865),  351; 
Cbem.  News,  10  (1864),  279,  301;  11  (1865),  3,  13;  Cbem.  Centrbl. 
1865,  393;  Bui.  aoc.  cbim.  [2],  6  (1866),  127;  Ztscb.  anal.  Cbem. 
5  (1866),  123;  Jsb.  Cbem.  1864,  290. 

1864:  2.  E.  Baudbimont.  Becherches  sur  les  chlorures  et  les  bromures 
de  phosphore.  (Action  of  phosphorus  pentachlorid  on  platinum, 
p.  16.)  Pt. 

Ann.  cbim.  pbys.  [4],  2  (1864),  5. 

1864:  3.    J.  G.  Gentele.    Ueber  einige  Platinbasen.    (Theoretical.) 
J.  prakt.  cbem.  93  (1864),  298;  Jsb.  Cbem.  1864,  296.  Pt. 

1864:  4.  C.  A.  Winkleb.  Ueber  Siliciumlegirungen  imd  Silicium- 
arsenmetalle.    (Silicium  Legirungen  mit  Platin,  p.  203.)         Pt. 

J.  prakt.  Cbem.  91  (1864),  193;  Cbem.  Centrbl.  1864,  774;  Bui.  soc. 
cbim.  [2],  2  (1864),  32;  J.  de  Pbarm.  [3],  45  (1864),  553;  Jsb. 
Cbem.  1864«  209. 

1864:  5.  E.  BtoroEB.  Ueber  die  Reduction  der  Platindoppelverbin- 
dungen  des  Casiums,  Bubidiums  und  Ealiums  auf  nassem  Wege. 

Pt. 
J.  prakt.  Cbem.  91  (1864),  251;  Ztscb.  anal.  Cbem.  3  (1864),  362. 


124  BIBLIOGBAPHY  OF  KETALS  OF  THE  PLAXINUK  QBOUP 

1864:  6.    C.  Geitnbk.    Ueber  das  Verhalten  des  Schwefels  und  der 

schwefligen  Saure  zn  Wasser  bei  hoher  Temperatur.     (Action  of 

sulfur  diozid  on  platinum,  p.  358.)  Pt 

Ann.  chem.  (Liebig),  129  (1864),  350;  J.  prakt.  Chem.  93   (1864), 

99;  Chem.  Centrbl.  1864,  143;  Bui.  boc.  chim.  [2],  2  (1864),  4^; 

J.  de  Pharm.  [3],  45  (1864),  453,  457;  Jsb.  Chem.  1864,  143. 

1864:  7.    0.  Bbtjnneb.    Ueber  die  Einwirkung  des  Wasserstoffgases  auf 

die  Losungen  einiger  Metallsalze.  Ft,  Pd,  Ir. 

Mitth.  Naturf.  Gesel.  Bern,  1864,  17;  Ann.  der  Phys.  (Pog^.),  122 

(1864),  153;  Chem.  Centrbl.  1864,  604;  Bui.  soc.  chim.    [2],  2 

(1864),  441;  Phil.  Mag.  [4],  28  (1864),  226;  Ztach.  Chem.  7  (1864), 

660;  Polyt.  J.  (Dingier),  171  (1864),  287;  Jsb.  Chem.  1864.  124. 

1864:  8.    A.  Sohb5tteb.    Ueber  ein  vereinfachtes  Verfahren  das  Li- 

thium,  Bubidium,  Casium  und  Thallium  aus  den  Lithionglim- 

mem  zu  gewinnen  (Anwendung  von  Flatinchlorid).     (Solubility 

of  platinichlorids.)  Pt. 

Sitzber.  Akad.  Wien,  50,  11  (1864),  268;  J.  prakt.  Chem.  93  (1864), 

282;  Chem.  Centrbl.  1865,  331;  N.  Jahrb.  der  Pharm.  23  (1865), 

16,  65;  Jsb.  Chem.  1864,  182. 

1864:  9.    W.  Cbookes.     On  thallium.     (Thallium  platinichlorid;  alloy 
of  thallium  and  platinum,  p.  147.)  Pt 

J.  Chem.  Soc.  17  (1864),  112. 

1864:  10.    W.  Cbookes.    On  the  solubility  of  some  thallium   salts. 

(Solubility  of  platinichlorids  of  potassium,  ammonium,  thallium, 

&c.)  '  Pt 

Chem.  News,  9  (1864),  37;  Bui.  soc.  chim.  [2],  1  (1864),  266;  Jslx 

Chem.  1864,  256. 

1864:  11.    L.  DiTSCHEiNEB.    Die  Krystallformen  einiger  Platincyan- 
verbindimgen.  R. 

Sitzber.  Akad.  Wien,  50,  11  (1864),  373;  Anzeig.  Akad.  Wien,  1 
(1864),  169;  rinstltut,  33  (1865),  55. 

1864:  12.    .    Platinage  des  metaux.  R. 

Bui.  80C.  chim.  [2],  1  (1864),  301. 

1864:  13.    H.  Kopp.    Untersuchungen  fiber  die  specifische  Warme  der 

starren  imd  tropfbarfiiissigen  Korper.    (Specifische  Warme  des 

Platins  und  des  Iridiums,  p.  73;  des  Platinchlorid-Chlorkaliums* 

p.  96.)  Pt,  Ir. 

Ann.  Chem.  (Liebig),  Suppl.  bd.  3  (1864),  1. 

1864:  14.    P.  J.  PiSKO.    Beitrag  zur  Fluorescenz  des  Lichtes.    (Casium- 
platinum  sulfid.)  R. 

Ann.  der  Phya.  (Pogg.),  123  (1864),  167. 
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1864:  15.    F.  M.  Raoult.    Becherches  sur  lee  forces  ilectromotrices. 
(Force  produced  at  contact  of  platinum  and  gold.)  Ft. 

Ann.  chim.  phys.  [4],  2  (1864),  317. 

1865:1.    K.  Kraut,    fearyum  in  Platin.  Pt. 

Ztsch.  anal.  Chem.  4  (1865),  369;  Chem.  News,  14  (1866),  34;  Jsb. 
Chem.  1865,  282. 

1866:  2.  V.  von  Zbpharoyich.  Krystallographische  Mittheilung  iiber 
zwei  Platindoppelsalze  des  Piperidinhamstoflfes.  Pt. 

Sitzber.  Akad.  Wien,  52,  ii  (1865),  241. 

1865:  3.  P.  T.  Clbvb.  Bidrag  till  kannedomen  om  ammoniakaliBka 
Kromforeningar.    (Platinichlorids  of  chromium  bases.)  Pt. 

HandL  Akad.  Stockholm  [2],  6  (1866),  4. 

1865:  4.    P.  T.  Clbyb.    Forelopande  underrattelser  om  nagra  brom- 

och  jodhaltiga  ammoniakaliska  Platinaforeningar.    (Bromin  and 

iodin  salts  of  platinum  bases.)  Pt. 

Oefrersigrt.   Akad.   Forh.   Stockholm,   22    (1865),   487;   J.   prakt. 

Chem.  100  (1867),  22;  Jsb.  Chem.  1867,  321. 

1865:  5.  H.  Baubiony.  Ueber  ein  neues  Palladiumsalz  (Palladamin- 
chloriir).  Pd. 

Ann.  Chem.   (Liebig),  Suppl.  bd.  4  (1865),  253;  Ztsch.  Chem.  9 
(1866),  508;  Jsb.  Chem.  1866,  276. 

1865:  6.    C.  Birnbaum.    Ueber  die  Bromverbindungen  des  Iridiums. 

Inaug.  Diss.  Qottingen,  1864.  Lr. 

Ann.  Chem.  (Liebig),  133  (1865),  161;  J.  prakt.  Chem.  96  (1865), 

207;  Bui.  soc.  chim.  [2],  4  (1865),  112;  Chem.  Centrbl.  1865,  354; 

Ztsch.  Chem.  8  (1865),  22;  Jsb.  Chem.  1864,  292. 

1865:  7.    C.  Birnbaum.    Ueber  die  Einwirkung  der  schwefligen  Saure 

auf  das  blaue  Iridiumoxydhydrat.  Ir. 

Ann.  Chem.  (Liebig),  136  (1865),  177;  BuL  soc.  chim.  [2],  5  (1866), 

354;  Chem.  CentrbL  1865,  1132;  J.  prakt.  Chem.  98  (1866),  32; 

Ztsch.  Chem.  8  (1865),  459;  Jsb.  Chem.  1865,  283. 

1865:  8.    J.  Bedtenbagher.    Ueber  die  Trennung  von  Eubidium  und 

Casium  in  Form  der  Alaune.    (Loslichkeit  des  Kalium,  Bubidium 

und  Casium  Platinchlorids.)  Pt. 

Sitzber.  Akad.  Wien,  51,  ii  (1865),  247;  Anzeig.  Akad.  Wien,  2 

(1865),  39;  J.  prakt.  Chem.  94  (1865),  442;  Chem.  Centrbl.  1865, 

625;   rinstitut,  33    (1865),  216;   Phil.  Mag.    [4],   2    (1865),   375; 

Ztsch.  anal.  Chem.  4  (1865),  97;  Ztsch.  Chem.  8  (1865),  345;  Jsb. 

Chem.  1865,  705. 

1865:  9.  E.  A.  van  der  Buro.  Chemische  Mittheilimgen  in  Betreff 
der  China-Alkaloide.  (Verhalten  der  China-Alkaloide  zu  einer 
Kaliumplatincyaniirlosung,  p.  296.)  Pt. 

Ztsch.  anal.  Chem.  4  (1865),  272;  Jsb.  Chem.  1865,  439. 
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1866:  10.    C.    Stahlsohmidt,    St   and  Waqneb.    (Platmum    plated 

dishes  for  the  chemical  laboratory.)  Pt. 

Verh.  Ver.  Beford.  Oewerbefleisses  in  Preussen,  1865,  90;  J.  prakt. 

Chem.  98  (1866),  320;  Polyt.  J.  (Dingier),  179  (1866),  162;  Ztech. 

anal.  Chem.  5  (1866),  99. 

1865:  11.    G.  Magnus.    (Note  on  plating  with  platinum.)  Pt. 

Ann.  chim.  phys.  [4],  6  (1865),  146. 

1865:  12.    A.  Salvetat.    Ueber  die  Spiegel  aus  platinirtem  GHase  von 

Creswell  und  Tavemier.  Pt 

Bui.  Soc.  Encourage.  Sept.  (1865),  526;  Polyt.  J.  (Dingier),  ISO 

(1866),  39;  Polyt.  Centrbl.  32  (1866),  407,  730;  Chem.  tech.  Be- 

pert.  4,  ii  (1865),  39;  Deutsch.  Indust.  Ztg.  6  (1865),  495;  Chem. 

tech.  Mitth.  (Eisner),  15  (1865-66),  192. 

1865:  13.    J.  B.  A.  Dodb.    (Platinspiegel.)  Pt 

Les  Mondes,  7,  603;  Breslauer  Gewerbeblatt,  1865,  No.  13;  BuL 

soc.  chim.  [2],  3  (1865),  398;  Polyt.  J.  (Dingier),  177  (1865),  79; 

J.  Frank.  Inst  [3],  50  (1865),  273;  Lond.  J.  Arts  6ci.   (1865), 

July. 

1865:  14.    .    Platinum  mirrors,  introduced  by  Dod^.      Pt 

Quart.  J.  of  Sci.  2  (1865),  497. 

1865:  15.    ScHWABZ.    Dod6's  Platinspiegel.  Pt. 

Breslauer  Gewerbebl.  (1865),  No.  13;  (^em.  Centrbl.  1865,  960. 

1865:  16.    P.  Wbiskopf.    Platinaspiegeln  auf  Glas.  R. 

Deutsch.  Qew.  Ztg.  30  (1865),  468;  Chem.  tech.  Repert.  4,  ii  (1865), 
40;  Chem.  tech.  Mitth.  (Eisner),  15  (1865-66),  191. 

1865:  17.    K.  Kbaut.    Ein  Vorlesungsversuch.    (Oxidation  von  Am- 
moniak  zu  Ammoniumnitrat  mittelst  Platindraht)  Pt 

Ann.  Chem.  (Liebig),  136  (1865),  69;  J.  Frank.  Inst.  [3],  51  (1866), 
137. 

1865:  18.    E.  Sell.    Sur  un  prodnit  de  Toxydation  de  Tfirythrite  (par 
platinmohr).  Pt. 

C.  R.  61  (1865),  741;  J.  prakt.  Chem.  97  (1866),  251. 

1865:  19.    E.  Edlund.     Qvantitativ  bestamning  af  de  varmefenomener, 

som  uppkomma  vid  metallers  voltimf  orandring,  af  veorsom  af  tst- 

mets  mekaniska  eqvivalent,  oberoende  af  metallens  nire  arbete. 

(Elasticitats-CoeflBcienten  des  Platins.)  Pt, 

Oefversigt.   Akad.   Stockholm,   22    (1865),   295;   Ann.   der    Phys. 

(Pogg.),  126  (1865),  565;  Ann.  chim.  phys.  [4],  8  (1866),  257. 

1866:  1.    N*.   VON  Koksoharow.    Mineralogische  Notizen   fiber  .  .  . 
Platin.     (Platinum  ore  magnetic.)  Pt 

Bui.  Acad.  Sci.  St  P^ersb.  11   (1867),  79;  Jahr.  Min.  1867.  194; 
Jsb.  Chem.  1866,  912. 
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1866:  2.  F.  WOhler.  Ueber  ein  neuea  Mineral  von  Bom6o.  (Laurit^ 
BuOsS.)  Bu,  Os. 

Gottingen  Nachrichten,  1866,  155;  Ann.  Chem.  (Liebig),  139 
(1866),  116;  J.  prakt.  Chem.  98  (1866),  226;  Chem.  Centrbl.  1866, 
620;  C.  R.  62  (1866),  1059;  Ann.  chim.  phys.  [4],  9  (1866),  515; 
Natuurk.  Tijdsch.  Batavia,  30  (1868),  416. 

1866:  3.     S.  Cloez.    Iridium  cristallis*.  Lr,  Pt- 

BuL  80C.  chim.  [2],  5  (1866),  162. 

1866:  4.  E.  SoNSTADT.  Note  on  the  purification  of  platinum.  (Clean- 
ing platinum  crucibles  from  iron  ores.)  Pt. 

Chem.  News,  13  (1866),  145;  J.  de  Pharm.  [4],  4  (1866),  152;  Polyt. 
J.  (Dingier),  180  (1866),  365;  J.  Frank.  Inst.  [3],  51  (1866),  416; 
Jsb.  Chem.  1866,  267;  Polyt.  Centrbl.  32  (1866),  758;  Chem.  tech. 
Mitth.  (Eisner),  15  (1865-66),  163. 

1866:  5.  A.  Forsteb.  Zur  Kenntniss  und  Trennung  der  Platinmetalle 
(Eesum^).  Pt,  Pd,  Lr,  Os,  Bh,  Bu. 

Ztsch.  anal.  Chem.  5  (1866),  117;  Jsb.  Chem.  1866,  266. 

1866:  6.  C.  P.  Schonbein.  De  Taction  du  platine,  du  ruthenium,  du 
rhodium  et  de  Tiridium  sur  Teau  de  chlor,  but  les  dissolutions 
aqueuses  des  hypochlorites,  sur  le  peroxyde  d^hydrogtoe,  et  sur 
Fozyg^ne  ozoniz6.  Pt,  Ir,  Bh,  Bu. 

Ann.  chim.  phys.  [4],  7  (1866),  103;  8  (1866),  465;  J.  prakt.  chem. 
98  (1866),  76;  Verb.  Naturf.  Gesel.  Basel,  4  (1867),  286;  J.  de 
pharm.  [4],  4  (1866),  395;  Bui.  soc.  chim.  [2],  7  (1867),  339; 
Jsb.  Chem.  1866, 104;  Sitzber.  Akad.  Miinchen,  1866,  i,  278;  Chem. 
News,  13  (1866),  207. 

1866:  7.  C.  Birnbaum.  TJeber  die  Einwirkung  von  schwefiiger  Saure 
auf  Platinoxydhydrat.  (Also  separation  of  platinum  and  iridium, 
p.  177.)  Pt,  Ir. 

Ann.  Chem.  (Liebig),  139  (1866),  164;  J.  prakt.  Chem.  100  (1867), 
123;  Bui.  soc.  chim.  [2],  6  (1866),  453;  Chem.  CentrbL  1866,  854; 
Ztsch.  anal.  Chem.  5  (1866),  405;  Ztsch.  Chem.  9  (1866),  235;  Jsb. 
Chem.  1866,  269. 

1866:  8.    P.  ScHOTTLANDER.    Platinur-Natrium-Hyposulphit.  Pt. 

Ann.  Chem.  (Liebig),  140  (1866),  200;  J.  prakt.  Chem.  100  (1867), 
381;  Chem.  Centrbl.  1867,  223;  Ztsch.  Chem.  9  (1866),  739;  Jsb. 
Chem.  1866,  268. 

1866:  9.     [F.  Wohler.]     Zur  Kenntniss  des  Osmiums.  Os. 

Ann.  Chem.  (Liebig),  140  (1866),  253;  Chem.  News,  15  (1867),  86; 
J.  prakt.  Chem.  100  (1867),  407;  BuL  soc.  chim.  [2],  7  (1867), 
396;  Ztsch.  Chem.  9  (1866),  742;  Jsb.  Chem.  1866,  276. 
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1866:  10.  J.  H.  Gladstone.  On  pyrophoBphotriamic  acid.  (Platinum 
salt,  p.  12.)  Pt 

J.  Chem.  Soc.  19  (1866),  1. 

1866:  11.  H.  E588LBK.  Ueber  die  Doppelcyantire  des  Palladiums. 
(Inaug.  Diss.)  Gottingen,  1866.  (Refers  also  to  double  cyanids  of 
platinum.)  Pd,  Pi. 

Ztsch.  Chem.  9  (1866),  175;  Bui.  soc.  chim.  [2],  6  (1866),  323;  Ztsch. 
anal.  Chem.  5  (1866),  403;  Jsb.  Chem.  1866,  275,  290. 

1866:  12.    P.  T.  Clbve.    Om  ammoniakaliska  Platinforeningar.         Pt. 

Nova  Acta,  Upsala  [3],  6  (1866),  5;  Bui.  soc.  chim.  [2],  7  (1867). 
12;  Ztsch.  Chem.  10  (1867),  228;  Chem.  Centrbl.  1867,  945;  Jsh. 
Chem.  1867,  321. 

1866:  13.  E.  A.  Hadow.  The  platinum-bases:  the  best  mode  of  ob- 
taining and  identifying  them;  some  new  compounds.  Pt. 

J.  Chem.  Soc.  19  (1866),  345;  Chem.  News,  13  (1866),  281;  Chem. 
Centrbl.  1867,  625;  J.  prakt.  Chem.  100  (1867),  30;  Ztsch.  Chem. 
9  (1866),  560;  Jsb.  Chem.  1866,  272. 

1866:  14.    H.  B^ttger.    Ueber  ein  sehr  auSallendes  Verhalten  ver- 

schiedener    Stoife    zu    Sehwefel-Wasserstoffgas.      (Platinschwan 

und  SchiesswoUe.)  '  Pt. 

^Tsb.  phys.  Yer.  Frankfurt,  1866-67;  J.  prakt.  Chem.  103  (1868),  310. 

1866:  15.  [F.  Wohler.]  Trennung  von  Kupfer  und  Palladium.  (Bj 
potassium  thioeyanate.)  Pd. 

Ann.  Chem.  (Lieblgr)»  140  (1866),  144;  Ann.  chim.  phjs.  [4],  lu 
(1867),  510;  Chem.  News,  15  (1867),  40;  Bui.  soc.  chim.  [2].  7 
(1867),  40;  J.  prakt.  Chem.  100  (1867),  440;  Polyt,  J.  (Dingier)* 
182  (1866),  347;  Ztsch.  anal.  Chem.  5  (1866),  403;  Ztsch.  Chem. 
9  (1866),  754;  Jsb.  Chem.  1866,  810. 

1866:  16.  A.  Commaille.  Sur  Taction  du  nitrate  d'argent  et  dn  proto- 
nitrate  de  mercure  sur  le  bichlorure  de  platine.  (Oiloroplatinate 
of  silver,  &c.)  Pt. 

C.  R.  63  (1866),  553;  Bui.  soc.  chim.  [2],  6  (1866),  262;  Chem. 
Centrbl.  1867,  125;  Chem.  News,  14  (1866),  175;  J.  de  pharm.  [4]. 
4  (1866),  363;  Ztsch.  anal.  Chem.  6  (1867),  121;  Ztsch.  Chem.  9 
(1866),  668;  Jsb.  Chem.  1866,  267. 

1866:  17.  R.  Finkener.  Ueber  die  Trennung  des  E^alium  Tom 
Natrium  und  mehreren  anderen  Substanzen  vermittelst  Platin- 
chlorid.  Pt 

Ann.  der  Phys.  (Pogg.),  129  (1866),  637;  Chem.  CentrbL  1867,  333; 
Ztsch.  anal.  Chem.  6  (1867),  213. 
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Ztsch.  anaL  Chem.  9  (1870),  30;  BuL  soc.  chim.  [2],  14  (1870),  46. 

1870:  18.    E.  Johannsen.    ITeber  das  Verhalten  des  Platinchloridi 
gegen  Kalk-  und  Barytwasser.  Pt. 

Ann.  Chem.  (Liebig),  155  (1870),  204;  BuL  soc.  chim.  [2],  15  (1671). 
58;  Chem.  CentrbL  1870,  580;  C^iem.  News,  22  (1870),  178;  Gat 
chim.  2  (1872),  44;  Ztsch.  Chem.  13  (1870),  683;  Jsb.  Chem.  ISTO, 
386. 

1870:  19.    K.  Preiss.    TJeber  quantitative  Bestimmung  der  Doppel- 
cyanide.    (By  heating  with  oxalic  acid.)  Pt. 

Sitzber.  bohm.  Gesell.  1870,  ii,  79. 

1870:20.     [M.  Q.  Farmer.]     Fusing  iridosmine.  Ir,CK 

Amer.  Chem.  1  (1870),  27;  Chem.  News,  22  (1870),  225;  Quart  J. 
Sci.  8  (1871),  115. 

1870:  21.    H.   Saintb-Claire  Deville.     [Fusion  of  platinum  vi:  i 
spirting.]  P. 

C.  R.  70  (1870),  256,  287;  Chem.  News,  21  (1870),  94;  Quart.  J.  Sci. 
7  (1870),  287. 

1870:  22.    C.  Chojnacki.    TJeber  die  Verbindungen  des  Aethylens  e:: 
Eisen-  und  Platinbromiir.  P:. 

Ztsch.  Chem.  13  (1870),  419;  Bui.  soc^chim.  [2],  15  (1871),  68. 

1870:  23.    F.  Stolba.    ITeber  die  Qewichtsabnahme  der  Platintitc^ 

bei  andauernder  Gliihhitze.     (And  use  of  sea  sand  for  cleamr.z 

platinum  crucibles.)  P:- 

Abh.  bohm.  Gesell.  [6],  4  (1870),  4,  5;  Polyt.  J.  (Bin^ler).  is^ 

(1870).  177;  Chem.  Centrbl.  1870,  737;  Chem.  News,  S2  (ISTOi, 

275;  Polyt.  Notiz.  25  (1870),  365;  Ztsch.  anal.  Chem.  10  (157:}, 

333;  Jsb.  Chem.  1870,  923. 

1870:  24,  A.  Bauer.  Ueber  eine  Legirung  des  Bleis  mit  Platin.  Ti 
Sitzber.  Akad.  Wien,  62,  ii  (1870),  46;  Ber.  3  (1870),  830;  Polyt.  J 
(Dingier),  198  (1870),  218;  Bui.  soc.  chim.  [2],  15  (1871),  4h. 
Chem.  Centrbl.  1870,  691;  Chem.  News,  22  (1870),  263;  Gaz.  ^lim. 
1  (1871),  226;  J.  Chem.  Soc.  24  (1871),  202;  Ztach.  Chem.  14 
(1871),  55;  Jsb.  Chem.  1870,  380;  Amer.  Chemist*  1  (1871),  26S. 
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1870:  25.  A.  Descloiseaux.  Note  sur  la  forme  crisallines  et  les  pro- 
pri^t^s  optiques  d'une  combinaison  de  protochlorure  de  platine  et 
de  triathylphosphine  analogue  au  sel  de  Magnus.  Ft. 

C.  B.  70  (1870),  970. 

1870:  26.    .    Platinapparat  flir  Goldproben  von  Johnson, 

Matthey  &  Co.,  in  London.  Ft. 

Berg  und  Hiitten  Ztg.  29  (1870),  325. 

1870:  27.  A.  Jouolet.  Sur  la  fabrication  des  glaces  et  miroirs  plat- 
inises.   (By  use  of  essence  of  lavender.)  Pt. 

C.  R.  70  (1870),  52;  Ber.  3  (1870),  37;  Bui.  soc.  chim.  [2],  13  (1870), 
477;  Chem.  Centrbl.  1870,  86;  Polyt.  J.  (Dingier),  195  (1870), 
464;  Quart.  J.  Sci.  7  (1870),  262;  Deutsch.  Gewerb.  Ztg.  25  (1870), 
No.  14;  Chem.  tech.  Mitth.  (Eisner),  19  (1869-70),  175;  Gewerb- 
bl.  aus  Wurtembg.  1870,  No.  16. 

1870:  28.  H.  Schwarz.  Ueber  Glanzgold,  Glanzplatin,  und  die  Liis- 
terfarben.  Pt. 

Polyt.  J.  (Dingier),  197  (1870),  243;  Chem.  Centrbl.  1870,  555; 
Polyt.  Centrbl.  36  (1870),  1617;  Jsb.  Chem.  1870,  1157. 

1870:  29.  J.  Schoras.  Ueber  eigenthiimliche  Farbenerscheinungen 
gewisser  Platincyan-Metalle.  Pt. 

Ber.  3  (1870),  13. 

1870:  30.  L.  Schonn.  Zur  Passivitat  des  Eisens  und  zur  Elektrolyse. 
(Iron  made  passive  by  platinum  wire.)  Pt. 

Ann.  der  Phys.  (Pogg.),  Erganz.  bd.  5  (1871),  319;  Jsb.  Chem. 
1871,  124. 

1870:  31.    ScfliNZ.    (Platinum  light.)  Pt. 

Cosmos,  rev.  eneycl.  (1870),  Jan.  8;  Chem.  News,  21  (1870),  35. 

1870:  32.    J.  Thomsen.    Thermochemiske  Untersogelser  (Chlorplatin- 
saure,  p.  213.)  Pt. 

Ann.  der  Phys.  (Pogg.),  139  (1870).  193;  140  (1870),  524,  632;  Ber. 
9  (1876),  163;  Jsb.  Chem.  1870,  118,  122;  Skrifte  Danske  Selsk. 
[5],  8  (1870),  369;  9  (1873),  265. 

18T0:  33.    R.    Bunsex.    Calorimetrische    Untersuchungen.     (Specific 

heat  of  ruthenium,  p.  27.)  Ru. 

Ann.  der  Phys.  (Pogg.),  141  (1870),  1;  Ann.  chim.  phys.  [4],  23 

(1871),  58;  Gaz.  chim.  1  (1871),  61;  N.  arch.  sci.  phys.  nat.  40 

(1871),  25;  Ztsch.  anal.  Chem.  10  (1871),  257;  Ztsch.  Chem.  14 

(1871),  8;  Jsb.  Chem.  1870,  83. 

1870:  34.    W.  Skey.    Absorption  of  sulphur  by  gold,  and  its  effects  in 
retarding  amalgamation.    (Action  of  hydrogen  sulfid  on  plati- 
num.) Pt. 
Trans.  New  Zealand  Inst.  3  (1870),  216;  Chem.  News,  22  (1870), 
282;  Jsb.  Chem.  1870,  1071. 
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1870:  35.    W.  Skey.     On  the  absorptive  properties  of  platinum.       Pt. 
Trans.  New  Zealand  Inst.  3  (1870),  221. 

1870:  36.  W.  Skey.  On  the  capability  of  certain  sulphides  to  form  the 
negative  pole  of  a  galvanic  circuit  or  battery.  Pl 

Trans.  New  Zealand  Inst.  3  (1870),  225;  Chem.  News,  23  (1871)^ 
291. 

1870:  37.  W.  Skey.  On  the  reduction  of  certain  metals  from  their 
solution  by  metallic  sulphides  and  the  relation  of  this  to  the  occur- 
rence of  such  metals  in  a  native  state.  Ft. 

Trans.  New  Zealand  Inst.  3  (1870),  225;  Chem.  News,  23  (1871), 
232;  Chem.  Centrbl.  1871,  374. 

1870:  38.  W.  Skey.  On  the  electro-motive  power  of  metallic  sul- 
phides. Pt. 

Trans.  New  Zealand  Inst.  3  (1870),  232;  Chem.  News,  23  (1871), 
255. 

1870:  39.  E.  Edlund.  Om  den  elektromotoriska  Kraften  vid  beroring 
mellem  Metaller.  (Electromotive  force  from  contact  of  copper 
with  platinum  and  palladium.)  Pt,  Pd. 

Oefversigt.  Akad.  Forh.  Stockholm,  27  (1870),  3,  927;  Ann.  der 
Phys.  (Pogg.),  143  (1871),  404,  534,  (Pt:  Pd  547,  560;  Cu:  Pt  535, 
555);  Ann.  chim.  phys.  23  (1871),  366;  I'lnstitut,  39  (1871),  152: 
N.  arch.  sci.  phya.  nat.  42  (1871),  402;  Phil.  Mag.  41  (1871),  IS; 
Jsb.  Chem.  1871,  121. 

1871:  1.    .     Gold-  und  Platingewinnung  in  Bussland.      Pt. 

Berg  und  Hiitten  Ztg.  30  (1871),  361;  Polyt.  Centrbl.  37  (1871). 
1447;  Polyt.  J.  (Dingier),  203  (1872),  152;  Amer.  Chemist,  t 
(1872),  355. 

1871:  2.  R.  B^TTOER.  Reducirende  Wirkung  des  mit  Wasserstoff  bela- 
denen  Palladiums.     (Auf  Ferricyankalium.)  Pd. 

Ber.  4  (1871),  809;  Chem.  Centrbl.  1871,  721;  Polyt.  Notizbl.  26 
(1871),  No.  10;  Polyt.  J.  (Dingier),  201  (1871),  80;  206  (187?). 
155;  Jsb.  Chem.  1871,  203  (from  44.  Versamml.  dentsch.  Naturf. 
und  Aerzte):  Gaz.  chim.  3  (1873),  89. 

1871:  3.     K.  LiSENKO.     (Quantity  of  hydrogen  in  hydrid  of  palladium.) 

Pi 

J.  russ.  chem.  Gesel.  3  (1871),  307;  4  (1872),  210;  Ber.  5  (1872),  29; 
Bui.  soc.  chim.  [2],  17  (1872),  117;  Chem.  Centrbl.  1872,  ITS; 
Jsb.  Chem.  1872,  278;  Gaz.  chim.  2  (1872),  115. 

1871:  4.     C.  F.  Mohh.    Ueber  die  metallische  Natur  des  Wasserstoffs. 
Ber.  4  (1871),  239;  Jsb.  Chem.  1871,  202.  Pd. 
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1871:  5.    H.  KoLBE.    Ueber  die  reducirenden  Wirkungen  des  vom  Pal- 
ladium absorbirten  Waeserstoffgases.  Pd. 
J.  prakt.  Chcm.  [2],  4  (1871).  418;  Chem.  News,  25  (1872),  46;  Jsb. 
Chem.  1871,  203. 

1871:  6.    H.  Lawrow.    Ueber  crystallisirtes  Platinchlorid.  Pt. 

Ztsch.  Chem,  14  (1871),  615;  BuL  soc.  chim.  [2],  17  (1872),  504; 
Chem.  CentrbL  1872,  354;  J.  Chem.  Soc.  25  (1872),  600;  Jsb. 
Chem.  1872,  277;  Gaz.  chim.  2  (1872),  401. 

1871:  7.     S.  P.  Sadtler.     On  the  iridium  compounds,  analogous  to  the 

aethylen   and   protoehlorid   of   platinum   salts.     (IrCl^,    2C2H4, 

2KC1.)     Inaug.  Diss.  Gottingen,  1871.  Ir,  Pt. 

Amer.  J.  Sci.  [3],  2  (1871),  338;  Ber.  4  (1871),  681;  BuL  soc.  chim. 

[2],  17  (1872),  54;  Chem.  News,  24  (1871),  280;  J.  Chem.  Soc.  25 

(1872),  48;  Jsb.  Chem.  1871,  335;  Gaz.  chim.  1  (1871),  536. 

1871:  8.    W.  61BB8.    Hexatomische  Verbindungen  des  Iridiums  mit 
salpetriger  Saure.  Ir. 

Ber.  4  (1871),  280;  BuL  soc.  chim.  [2],  16  (1871),  82;  Jsb.  Chem. 
1871,  354;  Gaz.  chim.  1  (1871),  200. 

1871:  9.    E.  J.  Friswell.    A  new  double  salt  of  thallium.     (Thallium 

platinocyanid  with  potassium  carbonate.)  Pt. 

J.  Chem.  Soc.  24  (1871),  461;  Ann.  Chem.  (Liebig),  159  (1871),  383; 

Ber.  4   (1871),  529;  BuL  soc.  chim.    [2],  16   (1871),  87;  Chem. 

News,  23  (1871),  249;  Ztsch.  Chem.  14  (1871),  414;  Gaz.  chim.  2 

(1872),  26,  170. 

1871:  10.    F.  T0CZYN8KI.    Ueber  die  Platincyanide  und  Tartrate  des 

Berylliums.  Pt. 

Ztsch.  Chem.  14  (1871),  275;  Pharm.  Ztsch.  Russland,  11   (1872), 

166,  201;  BuL  soc.  chim.  [2],  16  (1871),  254;  Chem.  CentrbL  1871, 

564;  J.  Chem.  Soc.  24  (1871),  1013;  Jsb.  Chem.  1871,  359. 

1871:  11.     W.  C.  L088EN.     Ueber  die  Chlorhydrate  des  Hydroxylamins. 

(Platinum  ammonium  bases  from  mixture  of  platinum  chlorid 

and  hydroxylamin,  p.  247.)  Pt. 

Ann.  Chem.  (Liebig),  160  (1871),  243;  Ztsch.  Chem.  14  (1871),  326. 

1871:  12.    P.  T.  Clbve.     On  ammoniacal  platinum  bases.  Pt. 

Handl.  Akad.  Stockholm  [2],  10  (1871),  No.  9;  Ber.  4  (1871),  70, 
673;  6  (1873),  1468;  BuL  soc.  chim.  [2],  15  (1871),  161;  16  (1871), 
203;  17  (1872),  100,  294;  Chem.  News,  24  (1871),  73;  25  (1872),  47, 
286,  311;  J.  Chem.  Soc.  27  (1874),  342;  Jsb.  Chem.  1871,  349;  1872, 
278;  Amer.  J.  Sci.  [3],  4  (1872),  226;  Amer.  Chemist,  2  (1872), 
391. 

1871:  13.     p.  T.  Cleve.     Om  nigra  marklige  isomerier  uti  den  oor- 
ganiska  Kemien.     (Platinum  ammonium  bases.)  Pt. 

OefTcrsigt.  Akad.  Forh.  Stockholm,  28  (1871),  175. 
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1871:  14.     P.  T.  Cleve.    Nitriter  af  nagra  platinabaser.  Pt. 

Oefversi^.  Akad.  Forh.  Stockholm,  28  (1871),  181. 

1871:  15.    P.  T.  Cleve.    Sulfiter  af  de  isomera  basema  platosammia 
och  platosemidiammin.  Pt. 

Oefversi^.  Akad.  Forh.  Stockholm,  28  (1871),  187. 

1871:  16.  C.  W.  Blomstrand.  Ueber  die  Metallammoniake  oder  die 
Metallamine.    (Platinbasen.)  Pt. 

Ber.  4  (1871),  40,  70;  Chem.  CcntrbL  1871,  800. 

3871:  17.    C.  W.  Blomstrand.    Zut  Prage  iiber  die  Verbindungswerthe 
der  Qnindstoflfe.     (Wertigkeit  dee  Platins  in  Platinbasen.)        Pt. 
Ber.  4  (1871),  639. 

1871:  18.  A.  Eabtjteau.  Becherches  sur  les  propri^tfe  physiologique? 
de  divers  sels  du  genre  chlonire.  Des  albuminnries  ni6tallique>. 
(Action  of  palladium  chlorid.)  Pd. 

C.  R.  73  (1871),  1390;  Chem.  Centrbl.  1872,  8. 

1871:  19.    H.  ToPS^E  and  C.  Christiansen.    Krystallografisk-optiske 

undersogelser,  med  saerligt  hensyn  til  isomorfe  stoffer.     (Chloro- 

and  bromoplatinates.)  Pt. 

Skrifter  Danske  Selsk,  Kjobenhayn  [5],  9  (1873),  623;  Aniu  chim. 

phys.  [5],  1  (1874),  41. 

1871:  20.  P.  Jean.  (Sodium  sulfid  as  blowpipe  reagent  for  platimun, 
palladium  and  iridium.)  Pt,  Pd,  Ir. 

Scientific  Press   (San  Francisco),  23   (1871),  No.   13;   Ber^  nnd 
Hiitten  Ztg.  30  (1871),  414;  Chem.  Centrbl.  1872,  213. 

1871:  21.  J.  Thomsen.  Thennochemische  Untersuchungen.  (Nea- 
tralization  of  chlorplatinic  acid,  p.  633.)  Pt. 

Ann.  der  Phys.  (Pogg.),  143  (1871),  497;  Ber.  4  (1871),  586;  BuL 
soc.  chim.  [2],  16  (1871),  163;  Jsb.  Chem.  1871, 106. 

1871:  22.    .    Manufacture  of  platinum  in  New  York.    (Edi- 
torial note.)  Pt. 
J.  Frank.  Inst.  [3],  62  (1871),  218. 

1871:  23.    E.  J.  Chapman.    Fusibility  of  platinimi  by  the  blowpipe. 
Chem.  News,  23  (1871),  33;  Jsb.  Chem.  1871,  346.  R. 

1871:  24.    A.    Bauer.    Ueber   einige    Legirungen.      (Bleiplatin    und 

Bleipalladium.)  R,  Pd. 

Sitzber.  Akad.  Wien,  63.  ii  (1871),  333;  Ber.  4  (1871),  449;  PolrL 

J.  (Dingier).  200  (1872),  285;  Bui.  soc.  chim.  [2],  16  (1871),  7S; 

Gaz.  chim.  1  (1871),  366;  J.  Chem.  Soc.  24  (1871),  1166;  Ztsch. 

Chem.  14  (1871),  542;  Jsb.  Chem.  1871,  316. 
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1871:  25.  Klinkerfues.  (Apparatus  for  lighting  gas  by  condensation 
of  gas  on  platinum  wire.)  Pt. 

Deutsch.  Indust.  Ztg.  1871,  365;  Chem.  Centrbl.  1872,  49. 

1871:  26.  E.  Baudrimont.  Recherches  sur  Taction  intime  des  sub- 
stances qui  aident  k  la  decomposition  du  chlorate  de  potasse  pour 
en  d6gager  Toxyg^ne.     (Action  of  finely  divided  platinum.)      Pt. 

C.  R.  73  (1871),  254;  J.  de  Pharm.  14  (1871),  81,  161;  J.  Chem.  Soc. 
24  (1871),  1154;  Moniteur  scientif.  13  (1871),  783. 

1871:  27.  W.  Sket.  On  the  electro-motive  and  electrolytic  phenomena 
developed  by  gold  and  platina  in  solution  of  the  alkaline  sulphides 
and  sulphuretted  hydrogen.     (And  in  sea  water.)  Pt. 

Trans.  New  Zealand  Inst.  4  (1871),  313;  Chem.  News,  23  (1871), 
221;  Amer.  Chemist,  2  (1872),  48;  Jsb.  Chem.  1871,  123. 

1872:  1.  A.  Bettendorff.  Ueber  die  Reindarstellung  der  Platin- 
metalle.  Pt,  Pd,  Ir,  Os,  Rh,  Ru. 

Sitzber.  Niederrhein.  Gesel.  Bonn,  29  (1872),  9. 

1872:  2.  W.  C.  Roberts  and  C.  R.  A.  Wright.  On  the  condition  of 
the  hydrogen  occluded  by  palladium,  as  indicated  by  the  specific 
heat  of  the  charged  metal.  Pd. 

J.  Chem.  Soc.  26  (1873),  112;  Ber.  5  (1872),  996,  1062;  Chem.  News, 
26  (1872),  286;  Chem.  Centrbl.  1873,  258. 

1872:  3.  S.  A.  Norton.  Weitere  Mittheilung  iiber  das  neue  Platin- 
chlorid  (PtCl^,  5H,0).  Pt. 

J.  prakt.  Chem.  [2],  5  (1872),  365;  Amer.  J.  Sol.  [3],  4  (1872),  312; 
Bui.  soc.  chim.  [2],  18  (1872),  220;  Chem.  Centrbl.  1872,  372; 
Gaz.  chim.  2  (1872),  242;  J.  Chem.  Soc.  25  (1872),  680;  Amer. 
Chemist,  3  (1872),  69. 

1872:  4.  P.  Schutzenberger  and  C.  Fontaine.  M6moire  sur  lea 
compost  phosphoplatiniques.  (Chlorure  et  Facide  phospho- 
platineux  et  platinique.)  Pt. 

Bui.  soc.  chim.  [2],  17  (1872),  386,  482,  529;  18  (1872),  101,  148; 
Ber.  5  (1872),  222.  555;  Chem.  News,  26  (1872),  36,  48;  Chem. 
Centrbl.  1872,  549;  Gaz.  chim.  2  (1872),  399,  480,  486;  J.  Chem. 
Soc.  25  (1872),  791;  Jsb.  Chem.  1872,  278. 

1872:  6.  G.  Saillard.  Sur  une  nouvelle  combinaison  phosphoplatin- 
ique  d^riv^e  de  la  toluidine.  Pt. 

C.  R.  74  (1872),  1526;  Bui.  soc.  chim.   [2],  18  (1872),  254;  Chem. 
Centrbl.  1872,  549;  Jsb.  Chem.  1872,  278;  Amer.  Chemist,  3  (1873), 
307. 
10 
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1872:  6.  p.  T.  Cleve  and  0.  M.  Hoeoltjnd.  Sur  les  combinaisons  de 
ryttrixim  et  de  rerbium.  (Platinocyanids  of  yttrium,  erbium, 
didymium  and  thorium,  with  crystallography.)  Pt. 

BuL  soc.  chim.  [2],  18  (1872),  198;  Bihang.  Akad.  HandL  Stock- 
holm, 1  (1872),  No.  8;  Ber.  6  (1873),  1468;  J.  Chem.  Soc.  26  (187, »» 
136. 

1872:  7.  H.  C.  Bolton.  Observations  on  the  platinocyanide  of  mag- 
nesium. (With  bibliography  of  the  literature  of  platinocyanid  of 
magnesium,  p.  370.)  Pi. 

Amer.  Chem.  2  (1872),  367. 

1872:  8.  A.  Guerout.  De  Paction  de  Tacide  sulfureux  sur  les  sulfures 
insolubles  r6cemment  pr^cipit^s.     (Platinum  sulfid  not  acted  on.) 

Pt. 
C.  R.  75  (1872),  1276;  Gaz.  chim.  3  (1873),  108;  Jsb.  Chem.  1872,  Vr.. 

1872:  9.  H.  Topsoe.  Krystallographisch-chemische  Untersuchungeii. 
(Crystallization  of  platinum  bases.)  Pr. 

Sitzber.  Akad.  Wien,  66,  ii  (1872),  5;  Jsb.  Chem.  1872,  163;  X.  arch, 
sci.  phys.  nat.  45  (1872),  76. 

1872:  10.    H.  Violette.    Fusion  du  platine.  P:. 

C.  R.  75  (1872),  1027;  Ann.  chim.  phys.  28  (1873),  469;  Ber.  5  (1ST2). 
938;  Bui.  Bcl.  chim.  [2],  19  (1873),  39;  Chem.  CentrbL  1872,  Tsi; 
Chem.  News,  26  (1872),  227;  27  (1873),  224,  246;  J.  Chem.  Soc. 
26  (1873),  477;  J.  Frank.  Inst.  [3],  65  (1873),  157;  Gaz.  chim.  '^ 
(1873),  102;  Polyt.  J.  (Dingier),  206  (1872),  283;  Jsb.  Chem. 
1872,  276;  1873,  291;  Amer.  Chemist,  3  (1873),  391;  4  (1873),  37: 
Les  Mondes  (1872),  Nov.  7;  J.  Russ.  Chem.  Soc.  5,  ii  (1S73),  5>i: 
Chem.  tech.  Mitth.  (Eisner),  22  (1872-73),  219;  Quart,  J.  Sci.  K> 
(1873),  415;  Polyt.  Centrbl.  39  (1873),  65. 

1872:  11.  J.  B.  Dumas.  Fusion  du  platine.  (Query  raised  on  Vi«»- 
lette's  paper,  1872  :  10.)  P:. 

C.  R.  75  (1872),  1028:  Jsb.  Chem.  1872,  277. 

1872:  12.  B.  Hasenoleveb.  Ueber  Concentration  von  Schwefe.- 
saure.     (Platin-apparat,  p.  606.)  Pt. 

Ber.  5  (1872),  502. 

1872:  13.    .     Manufacture  of  platinum  in  Chester  Co.,  Xt^ 

York.     (Editorial  note.)  Pr. 

J.  Frank.  Inst.  [3],  63  (1872),  9. 

1872:  14.    J.  B.  Thompson.    On  pyroplating  (with  platinum,  &c.).    P.- 

Chem.  News,  26  (1872),  26;  Bui.  soc.  chim.  [2],  18  (1872),  518. 
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1872:  16.  J.  L.  Smith.  A  new  and  ready  method  of  forming  platinum 
black.  R. 

Amer.  Chem.  2  (1872),  291;  Ghem.  News,  26  (1872),  208;  Bui.  soc. 
chizn.  [2],  19  (1873),  119;  Chem.  Centrbl.  1872,  273;  1873,  20; 
Gaz.  chim.  3  (1873),  179;  J.  Chem.  Soc.  25  (1872),  790;  26  (1873), 
141;  Polyt.  J.  (Dingier),  204  (1872),  76;  Jab.  Ghem.  1872,  277. 

3872:16.    A.  Jouolet.     (Platinum  coinage.)  Pt. 

Moniteiir  scient.  (1872),  Dec.;  Chem.  News,  26  (1872),  288. 

1872:  17.  M.  Saytzbff.  Ueber  die  Einwirkung  des  vom  Palladium 
absorbirten  Waeserstoflfs  auf  einige  organische  Verbindungen.  Pd. 

J.  prakt.  Ghem.  [2],  6  (1872),  128;  Ghem.  Gentrbl.  1872,  758;  Ghem. 
News,  26  (1872),  241;  Gaz.  chim.  2  (1872),  469;  Jsb.  Ghem.  1872, 
279;  Amer.  Chemist,  3  (1873),  305. 

1872:  18.  B.  Bottgeb.  (Ueber  dae  Verhalten  von  Platin-  und  Palla- 
diumsalzen  zu  ameisensaurem  Natron.)  Pt^  Pd. 

Jsb.  phys.  Ver.  Frankfort,  1872-73,  11,  14;  Ghem.  Gentrbl.  1874, 
322,  371;  Ztsch.  anal.  Ghem.  13  (1874),  176;  Ghem.  tech;  Mitth. 
(Eisner),  22  (1872-73),  220;  Indust.  Blatter,  10  (1873),  No.  1. 

1872:  19.  P.  Desains.  Becherches  sur  la  reflexion  de  la  chaleur  k  la 
surface  des  corps  polis.  Pt. 

C.  R.  74  (1872),  1102,  1185;  Phil.  Mag.  [4],  43  (1872),  644;  44  (1872), 
77;  Jsb.  Chem.  1872,  103. 

1872:  20.    H.  Buff.    Ueber  die  Ausdehnungswarme  fester  Korper.  Pt. 

Ann.  der  Phys.  (Pogg.),  145  (1872),  626;  N.  arch.  sci.  phys.  nat. 
44  (1872),  341;  Phil.  Mag.  [4],  44  (1872),  544;  Jsb.  Ghem.  1872,  59. 

1872:  21.    A.  Mebget.     [Sur  de  nouveaux  procid^  pour  la  reduction 
des  sels  des  m6taux  des  demiers  sections.]     (Photochimique?) 
Ann.  soc.  agric.  Lyon,  5  (1872),  104.  '  Pt,  Pd,  Ir. 

1872:  22.  J.  M.  Gaugain.  Sur  les  forces  61ectromotrices  d6velopp6e8 
au  contact  des  m^taux  et  des  liquides  inactifs.  (Electro-motive 
action  of  wet  platinum  plates.)  Pt. 

C.  B.  74  (1872),  610,  1332;  Jsb.  Ghem.  1872, 108. 

1872:  23.  H.  Helmholtz.  Ueber  die  galvanische  Polarisation  des 
Platin.  *  R. 

Ztsch.  gesammt.  Natnrw.  6  (1872),  186;  J.  Ghem.  Soc.  26  (1873), 
463;  Chem.  Gentrbl.  1872,  689. 

1873:  1.    A.  VoGEL.    Platinerz  von  San  Domingo.  Pt. 

N.  Rep.  fiir  Pharm.  22  (1873),  292;  J.  Ghem.  Soc.  27  (1874),  196; 
Jsb.  Chem.  1873,  291. 
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1873:  2.  T.  Kn5sel.  Ueber  Verarbeitung  der  Platiniiickstande.  Pt. 
Bcr.  6  (1873),  1159;  Polyt.  J.  (Dingier),  210  (1873),  189;  BuL  soc, 
chim.  [2],  21  (1874),  179;  Chem.  Centrbl.  1873,  723;  Ghem.  News. 
28  (1873),  280;  Gaz.  chim.  4  (1874),  147;  J.  Chem-  Soc  27  (1874). 
443;  Jsb.  Ghezn.  1873,  291;  Amer.  Chemist,  4  (1874),  312;  Deutsche 
Gewerb.  Ztg.  39  (1874),  No.  3;  Chem.  tech.  Mitth.  (Eisner),  23 
(1873-74),  186. 

1873:  3.    J.  Dewab.     On  the  physical  constants  of  hydrogenium.     Pd 
Trans.  Roy.  Soc.  Edinb.  27  (1873),  167;  Phil.  Mag.  [4],  47  (1874), 
334;  N.  arch.  sci.  phys.  nat.  50  (1874),  207;  Jsb.  Chem.  1874,  ISO: 
J.  Chem.  Soc.  27  (1874),  866. 

1873:  4.    R.  W.  Eatmond.    The  mining  industry  as  illustrated  at  the 

Vienna  Exposition.     (Platinum  industry  of  Bussia,  and  note  oo 

an  ingot  of  palladium.)  Pt,  Pd. 

Trans.  Amer.  Inst.  Min.  Eng.  2  (1873),  138;  Amer.  J.  ScL  [3],  6 

(1873),  474. 

1873:  5.    C.  de  Mabignac.    Notices  chimiques  et  cristallographiques 

8ur  quelques  sels  de  glucine  et  des  m^taux  de  la  c6rite.     (Ghloro- 

platinates,  p.  212,  and  Ann.  chim.  p.  65.)  Pt, 

N.  arch.  sci.  phys.  nat.  46  (1873),  193;  Ann.  chim.  phya.   [4],  30 

(1873),  45;  J.  Chem.  Soc.  27  (1874),  24. 

1873:  6.    A.  Welkow.    Beryllium-Platinchlorid.  Pt. 

Ber.  6  (1873),  1288;  Chem.  CentrbL  1874,  50;  Chem.  News,  29  (1874). 
51. 

1873:  7.    W.  Gibbs.    Besearches  on  the  hexatomic  compounds  of  oobalt 
(Chloroplatinates.)  Pt. 

Amer.  J.  Sci.  [3],  6  (1873),  116;  Ber.  6  (1873),  830. 

1873:  8.    B.  Schnijideb.    Ueber  neue  Schwefelsalze.    (Double  sulfid 

of  platinum  and  sodium.)  Pt 

Ann.  der  Phys.  (Pogg.),  149  (1873),  381;  J.  prakt.  Cheni.  [2].  S 

(1873),  29;  Gaz.  chim.  4  (1874),  143;  Bui.  soc.  chim.  [2],  20  (1873;. 

259;  J.  Chem.  Soc.  26  (1873),  1197;  Jsb.  Chem.  1873,  197. 

1873:  9.    B.  Schneideb.    Ueber  neue  Schwefelsalze.    (Double  sulfide 

of  palladium.)  Pd. 

Ann.  der  Phys.  (Pogg.),  148  (1B73),  625;  J.  prakt.  Chem.   [2],  T 

(1873),  214;  BuL  soc.  chim.   [2],  20   (1873),  259;  Gaz.  chim.  3 

(1873),  585;  4  (1874),  93;  J.  Chem.  Soc.  26  (1873),  1197;  Jsb.  ChecL 

1873,  195. 

1873:  10.    S.  P.  Shabples.     Ammonio-platinous  chloride.      (Salt  of 
Magnus.)  Pt 

Amer.  Chem.  4  (1873),  46;  Jsb.  Chem.  1873,  292. 
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1873:  11.    N.  0.  Holst.    Bidrag  till  kannedomen  om  Platinanfl  Cyan- 
foreningar.     (Platinocyanids  of  barium^  strontium^  &c.)  Pt. 

Ars-skiift.  Univ.  Lund.  10,  U  (1873),  No.  6;  Ber.  8  (1875),  124;  Jsb. 
Chem.  1875,  238;  Bui.  soc.  chim.  [2],  22  (1874),  347;  Chem. 
Centrbl,  1874,  786. 

1873:  12.    W.  J.  Bussell.    On  the  action  of  hydrogen  on  silver  nitrate 
(and  solutions  of  platinum  and  palladinm^  p.  11).  Pt^  Pd. 

J.  Chem.  Soc.  27  (1874),  3;  Ber.  6  (1873),  1423;  Chem.  CentrbL  1874, 
447;  Chem.  News,  28  (1873),  277. 

1873:  13.    0.  Pettebsson.    Untersuchnngen  iiber  Molecnlarvolumina 
einiger  Reihen  von  isomorphen  Salzen.     (Double  salts  of  plati- 
num.) Pt. 
Nov.  Act.  Soc.  Upsala  [3],  9  (1873);  Ber.  7  (1874),  478. 

1873:  14.    H.  Sainte-Claibe  Dbyille  and  H.  Debbay.    (Alliage  du 
platine  et  de  Firidium.)  Pt^  Ir. 

N.  arch.  sci.  phys.  nat.  48  (1873),  45;  Jsb.  Chem.  1872,  291;  Gazz. 
chim.  ital.  4  (1874),  167. 

1873:  15.    S.  Bottone.    Relation  zwischen  Atomgewicht,  specifischem 
Gewicht,  nnd  Harte  metallischer  Elemente.  Pt,  Pd. 

Ann.  der  Phys.  (Pogg.),  150  (1873),  644;  Chem.  CentrbL  1874,  114; 
Chem.  News,  27  (1873),  215;  Amer.  J.  Sci.  [3],  6  (1873),  457;  Lea 
Mondes,  31  (1873),  720. 

1873:  16.    P.  Stolba.    Ueber  Platinschmelztiegel.  Pt. 

Sitzber.  bohm.  QeaeL  Wise.  1873,  325;  Chem.  CentrbL  1874,  114; 

Ztsch.  anaL  Chem.  13  (1874),  309;  J.  Chem.  Soc.  27  (1874),  1011. 

1873:  17.    P.  MoHB.    Correction  des  Platintiegelgewichts.  R. 

Ztsch.  anaL  Chem.  12  (1873),  150;  Chem.  News,  29  (1874),  27; 
Amer.  Chemist,  4  (1873),  233. 

1873:  18.    Hblonis.    Platinbronce.    (Patent.)  Pt. 

Ber.  6  (1873),  42;  BuL  soc.  chim.  [2],  19  (1873),  43;  Amer.  Chemist, 

4  (1873),  235;  La  Gaceta  Indust.  No.  371;  J.  Buss.  chem.  soc.  5,  ii 

(1873),  268;  Deutsch.  Indust.  Ztg.  14  (1873),  No.  1;  Chem.  tech. 

Mitth.  (Eisner),  22  (1872-73),  22L 

1873:  19.    J.  B.  A.  Dode.    Platinage  aurifftre  des  glaces.  Pt. 

BuL  soc.  chim.  [2],  19  (1873),  572;  Ber.  6  (1873),  1273;  Deutsch. 
Oewerb.  Ztg.  39  (1874).  No.  4;  Chem.  tech.  Mitth.  (Eisner),  23 
(1873-74),  204;  Deutsch.  Indust.  Ztg.  14  (1873),  No.  49;  Polyt. 
CentrbL  39  (1873),  1440;  Polyt.  J.  (DingL),  211  (1874),  74;  J. 
Chem.  Soc.  27  (1874),  928. 
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1873:  20.    W.  C.  Rontgen.    Ueber  das  Lothen  von  platinirten  Glasern, 

Pt. 
Ann.  der  Phys.  (Pogrg.),  150  (1873),  331;  Chem.  News,  30  (1874). 
187;  Chem.  tech.  Mitth.  (Eisner),  24  (1874-75),  128;  BeperL  fiir 
ezp.  Physik.  10,  No.  3;  Deutsch.  Indust.  Ztg.  15  (1874),  328. 

1873:  21.    A.  Merget.    Becherches  photochimiques  but  Temploi  des 

gaz  comme  r^y^lateurs,  et  sur  rinfluence  des  conditions  physiques 

au  point  de  vue  de  la  sensibilisation.    (Reduction  of  platinum  salt.* 

by  hydrogen.)  Pt,  Pd,  Ir. 

C.  R.  76  (1873),  1470;  77  (1873),  38;  Chem.  News,  28  (1873),  70. 

1873:  22.    H.  Pellet.    [Reduction  des  sels  du  platine  par  Thydrogene.] 
(Not  reduced;  reply  to  Merget,  C.  R.  77  :  38.)  Pt 

C.  B.  77  (1873),  112;  BuL  soc.  chim.  [2]^  20  (1873),  258;  Chem. 
CentrbL  1873;  Gaz.  chim.  4  (1874),  93;  Jsb.  Chem.  1873,  291. 

1873:  23.     C.  Goubdon.    Nouvelles  observations  concemant  Tinflnence 

des  depots  m^talliques  but  le  zinc  mis  en  presence  des  acides  et  des 

alcalis;  nouveaux  proc6d6s  d'h^liogravnre.     (Effect  of  platinum 

on  solution  of  zinc.)  Pt. 

C.  B.  Assoc.  Franc.  2  (1873),  302;  C.  B.  76  (1873),  1250;  Ber.  6 

(1873),  680. 

1873:  24.     G.   A.   Gruel.    Bedingungen  zur   sicheren   Ziindung   der 

Dobereinschen  Platin-Feuerzeuge.  Pt. 

Indust.  Blatter,  10  (1873),  425;  Polyt.  NotizbL  28  (1873),  30;  Chem. 

CentrbL  1874,  119;  J.  Chem.  Soc.  27  (1874),  929;  Polyt.  J.  (IMngr- 

ler),  211  (1874),  243. 

1873:  25.    R.  B6ttgeb.    Vorlesungsversuche  mit  activem  Wassersto5 
und  Sauerstoff.  Pd. 

TagebL  Naturf.  Versamml.  1873,  106;  Chem.  CentrbL  1873,  SIS. 

1873:  26.    R.  Bottgeb.    Ueber  Aufbewahrung  und  Eigenschaft^n  eines 

auf  elektrolytischem  Wege  mit  Wasserstoff  iibersattigten  Palla- 

diumbleches.  Pd. 

Ann.  der  Phys.  (Pogg.),  Jubelbd.  (1874),  150;  J.  prakt.  Chem.  [2], 

9  (1874),  193;  Chem.  CentrbL  1874,  226;  Gaz.  chim.  4  (1874),  570; 

J.  Chem.  Soc.  27  (1874),  866,  1139;  N.  arch.  scL  phys.  nat.  51 

(1874),  185;  PhlL  Mag.  [4],  49  (1875),  80;  Jsb.  Chem.  1874,  295; 

Amer.  Chemist,  5  (1874),  138;  5  (1875),  425. 

1873:  27.    J.  J.  Coquillion.    Action  du  platine  et  du  palladium  sur 
les  hydrocarbures.  Pt,  Pd. 

C.  B.  77  (1873),  444;  Ber.  6  (1873),  1264;  BuL  soc  chim.  [2],  2i> 
(1873),  493;  Chem.  CentrbL  1873,  611;  Chem.  News,  28  (1S72), 
125;  J.  Chem.  Soc.  26  (1873),  1214;  J.  Buss.  Chem.  Soc  6,  ii 
(1874),  28. 
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1873:  28.  A.  Voller.  TJeber  Aenderungen  der  elektromotorischen 
Kraft  galvanischer  Combinationen  durch  die  Warme  (Platin  in 
Salpetersaure).     (Inaug.  Diss.)  Pt. 

Ann.  der  Phys.  (Pogg.),  149  (1873),  394;  Jsb.  Chem.  1873,  122. 

1873:  29.    P.  A.  Favre.    Recherches  thermiques  but  la  condensation 

des  gaz  par  les  corps  solides.    Absorption  de  Fhydrogene  par  le 

noir  de  platine.  R. 

C.  R.  77  (1873),  649;  Chem.  News,  28  (1873),  213;  J.  Chem.  Soc.  27 

(1874),  15. 

1873:  30.  H.  Schroder.  Dichtigkeitsmessungen,  Heidelberg,  1873. 
(Density  of  potassium  and  ammonium  chloroplatinates.)  Pt. 

Jsb.  Chem.  1879,  32. 

1874:  1.    H.  J.  BuRKART.    Ueber  neue  mexicanische  Fundorte  einiger 
Mineralien.     (Occurrence  of  platinum  in  Mexico,  p.  594.)        Pt. 
Neues  Jahrb.  Mineral.  1874,  587;  Dingl.  pol.  J.  240  (1881),  213;  Jsb. 
Cheto.  1874,  1230;  J.  Chem.  Soc.  28  (1875),  551. 

1874:  2.  A.  Frenzel.  Mineralogisches  [8.  Eisenplatin].  (From  Bus- 
sia,  p.  684.)  Pt. 

Xenes  Jahrb.  Mineral.  1874,  673;  Jsb.  Chem.  1874, 1230. 

1874:  3.     H.  Morin.     L'un  lingot  de  250  kilogrammes  de  platine  et 
.    d'iridium  allies,  fondu,  etc.     (Properties  of  alloy.)  Pt,  Ir. 

C.  R.  78  (1874),  1502;  Dingl.  pol.  J.  213  (1874),  337;  Jsb.  Chem. 
1874,  1065;  J.  Russ.  Chem.  Soc.  6,  ii  (1874),  298;  Polyt.  Centrbl. 
40  (1874),  966;  Amer.  Chemist,  5  (1874),  146. 

1874:  4.    F.  Beilsteik.   Die  chemische  Grossindustrie  auf  der  Weltaus- 

stellung  zu  Wien,   1873.     (Platinum  manufactory  of  Johnson, 

JIatthey  and  Co.)  Pt,  Pd,  Ir,  Eh,  Os,  Ru. 

Polyt.  J.  (Dingier),  211  (1874),  155;  Chem.  CentrbL  1874,  176;  Jsb. 

Chem.  1874,  1064. 

1874:  5.    .     Production  of  platinum.  Pt. 

Amer.  Chemist,  4  (1874),  440;  from  Engineering. 

1874:  6.    H.  Saixt-Claire  Deville,  H.  Debray  and  H.  Morin.  (Sepa- 
ration of  iridium  from  platinum  ores,  platinum-iridiiim  alloys, 
and  normal  metre;  also  poisonous  qualities  of  osmium.)    Pt,  Ir,  Os. 
Technologiste,  36   (1874),  194;  Chem.  Centrbl.  1874,  609;  Polyt 
Centrbl.  40  (1874),  966. 

1874:  7.    L.  J.  Troost  and  P.  Hautefeuille.    Note  sur  le  palladium 

hydrogfene.    Densite  de  Thydrogfene  combine  avec  m6taux.      Pd. 

C.  R.  78  (1874),  686,  968;  Ann.  chim.  phys.  [5],  2  (1874),  279,  287; 

Bui.  soc.  chim.  [2],  22  (1874),  118,  120;  Ann.  der  Phys.  (Pogg.), 
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153  (1874),  144;  Ber.  7  (1874).  480;  Chem.  CentrbL  1874,  276; 
Chem.  News,  29  (1874),  196;  J.  Chem.  Soc.  27  (1874),  660;  J. 
prakt.  Chem.  [2],  9  (1874),  199;  PhiL  Mag.  [4],  47  (1874),  397; 
Jsb.  Chem.  1874,  293;  J.  Russ.  Chem.  Soc.  6,  ii  (1874),  165;  Amer. 
Chem.  5  (1874),  143. 

1874:  8.    J.  MouTiER.    Sur  la  chaleur  d6gag6e  par  la  combinaison  de 
Fhydrogfene  avec  les  m6taux.  Pd. 

C.  B.  79  (1874),  1242;  Chem.  CentrbL  1875,  138;  rinstitntv  42  (1874). 
412;  Jsb.  Chem.  1874, 112. 

1874:  9.    P.  A.  Favbe.    Becherches  sur  rhydrogftne.     (Heat  develop- 
ment of  platinum-hydrogen  and  palladium-hydrogen.)  Pt,  Pd. 
C.  B.  78  (1874),  1257;  Ber.  7  (1874),  737;  Jsb.  Chem.  1874,  111;  BuL 
soc.  chim.  [2],  22  (1874),  486. 

1874:  10.    p.  A.  Favbe.    Becherches  thermiques  sur  la  condensation 

des  gas  par  les  corps  solides  et  la  chaleur  d^gag^e  dans  Facte  de 

cette  absorption.     (Condensation  of  hydrogen  by  platinum  and 

palladium,  p.  215,  227,  256.)  Pt,  Pd. 

Ann.  chim.  phys.  [5],  1  (1874),  209. 

1874:  11.    J.  L.  Smith.     Condensation  of  air  on  the  surface  of  plati- 
num. Pt. 
Amer.  Chemist,  5  (1874),  2l2;  Chem.  News,  31  (1875),  55;  J.  Chem. 
Soc.  28  (1875),  480. 

1874:  12.    J.  L.  Smith.    A  ready  method  of  showing  the  absorption  of 
hydrogen  by  palladium.  Pd. 

Amer.  Chemist,  5  (1874),  213;  Chem.  News,  31  (1875),  56;  Jsb. 
Chem.  1874,  177;  J.  Chem.  Soc.  28  (1875),  424. 

1874:  13.    J.  Thomsen.    Beryllium-Platinchlorid.  Pt. 

Ber.  7  (1874),  75;  Chem.  Centrbl.  1874,  245. 

1874:  14.    A.  Welkow.    Beryllium-Palladiumchlorid.  PA 

Ber.  7  (1874),  38;  Bui.  soc.  chim.  [2],  21  (1874),  273;  Chem.  Cen- 
trbl. 1874,  245;  Chem.  News,  29  (1874),  155;  Gaz.  chim.  4  (1874), 

278. 

1874:  16.    A.  Welkow.    Beryllium-Palladiumchlonir.  Pd. 

Ber.  7  (1874),  803;  Bui.  soc.  chim.  [2],  22  (1874),  409;  Chem. 
Centrbl.  1874,  467;  Gaz.  chim.  5  (1875),  61. 

1874:  16.    A.  Welkow.    Aluminium-Platinchlorid.  Pt. 

Ber.  7  (1874),  304;  Bui.  soc.  chim.  [2],  22  (1874).  153;  Chem. 
Centrbl.  1874,  292;  Gaz.  chim.  4  (1874),  302. 

1874:  17.    A.  Welkow.    Aluminium-Palladiumchloriir.  Pd. 

Ber.  7  (1874),  802;  Bui.  soc.  chim.  [2],  22  (1874),  499;  Chem. 
CentrbL  1874,  467;  Chem.  News,  29  (1874),  265;  Gaz.  chim.  5 
(1875),  61;  J.  Russ.  Chem.  Soc.  6,  ii  (1874),  313. 
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1874:  18.    P.  T.  Cleve.    Bidrag  till  jordmetallemas  kemi.     (Chlorids 

and  cyanids  of  platinum  and  thorium.  No.  6;  lanthanum,  7;  didy- 

mium,  8;  yttrium,  12;  erbium,  12.)  Pt- 

Bihang.  Akad.  Handl.  (Stockholm),  2  (1874),  6,  7,  8,  12;  Bui.  boc. 

cbim.  [2],  21  (1874),  115,  196,  246,  344;  Ber.  8  (1875),  128. 

1874:  19.     [P.  WO'HLER.]     Palladiumoxydul  in  Wasserstoffgas.  Pd. 

Nachrichten,  Oottingen,  1874,  420;  Ann.  Cbem.  (Liebig),  174 
(1874),  60;  Bui.  BOC.  cbim.  [2],  23  (1875),  267;  Gaz.  cbim.  6 
(1876),  213;  Cbem.  Centrbl.  1874,  770;  Jsb.  Cbem.  1874,  295; 
Ztscb.  ges.  Wi88.  11  (1875),  68;  Amer.  Cbemiat,  5  (1875),  384; 
J.  Buss.  Cbem.  Soc.  7,  ii  (1875),  8. 

1874:  20.     [P.  W6hleh.]     Notiz   iiber   ein   Palladiumsalz.     (Sodium 
palladium  sulfite.)  Pd. 

Nacbricbten,  Gottingen,  1874,  419;  Ann.  Cbem.  (Liebig),  174 
(1874),  199;  BuU.  soc.  cbim.  [2],  23  (1875),  267;  Cbem.  Centrbl. 
1874,  803;  Cbem.  News,  30  (1874),  275;  Gaz.  cbim.  6  (1876),  224; 
Jsb.  Cbem.  1874,  296;  Ztscb.  ges.  Wiss.  11  (1875),  67;  Amer. 
Cbemist,  5  (1875),  353;  J.  Cbem.  Soc.  28  (1875),  134. 

1874:  21.    W.   Skey.     On  the  formation  of  certain  double  metallic 
sulphocyanides  (of  platinum  with  anilin).  Pt. 

Cbem.  News,  30  (1874),  33;  Ber.  7  (1874),  1459;  Jsb.  Cbem.  1874, 
300. 

1874:  22.    W.  Skey.    Notes  upon  the  production  of  certain  double  salts 

of  the  aniline  bases  and  indigo  with  metallic  salts  (with  platinum 

chlorid  and  thiocyanate).  Pt. 

Cbem.  News,  30  (1874),  33;  Ber.  7  (1874),  1459;  Jsb.  Cbem.  1874, 

300. 

1874:  23.    E.  Schneider.    Ueber  neue  Schwefelsalze.    (Simimary.) 

Pt,  Pd. 
Ann.  der  Pbys.  (Pogg.),  153  (1874),  588;  J.  prakt.  Cbem.  [2],  11 
(1875),  91;  J.  Cbem.  Soc.  28  (1875),  533. 

1874:  24.    S.  Jolin.    Om  cerium  och  dess  foreningar.  (Double  chlorids 
and  cyanids  of  platinum  and  cerium.) 

Bibang.  Akad.  Handl.  2  (1874),  14;  Bui.  soc.  cbim.  [2],  21  (1874), 
533. 

1874:  25.    F.  Obahp.    Ueber  AflSnitatsverhaltnisse  der  Halogenmetall- 
verbindungen.     (Platinum  and  palladium.)  Pt,  Pd. 

Ber.  7  (1874),  1723;  J.  Cbem.  Soc.  28  (1875),  423;  Jsb.  Cbem.  1874, 
49. 

1874:  26.     G.   Kbause.     Beitrag  zur   Bestimmung   des   Kalium   als 

Kaliumplatinchlorid.  Pt. 

Arcb.  fiir  Pbarm.  205  (1874),  407;  Ztscb.  anal.  Cbem.  14  (1875), 

184;  Pbarm.  Journ.  5  (1875),  782;  Jsb.  Cbem.  1874,  978;  Amer. 

Cbemist,  6  (1876),  437. 
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1874:  27.    H.  Sainte-Claire  Deville  and  H.  Debray.     Sur  une  pro- 

pri6t6  nouvelle  du  rhodium  metallique.    (Reduction  of  formic 

acid.)  Rh,  R,  Pd,  Ir,  Ru. 

C.  R.  78  (1874),  1782;  BuL  boo.  chim.   [2],  22  (1874),  360;  Ber.  7 

(1874),  1038;  Chem.  Centrbl.  1874,  513;  Chem.  News,  30   (1S74), 

98;  J.  Chem.  Soc.  27  (1874),  1076;  Jsb.  Chem.  1874,  296;  J.  Rus& 

Chem.  Soc.  6,  ii  (1874),  301. 

1874:  28.    H.  Sainte-Claire  Deville.     [Poisonous  qualities  of  oemic 
acid.]  Os. 

C.  R.  78  (1874),  1509;  Chem.  CentrbL  1874,  610. 

1874:  29.     G.  Vulpius.    Ueber  Platinreduction.     (Preparation  of  plat- 
inum sponge.)  Pt. 
Arch,  fur  Pharm.  205   (1874),  417;  Chem.  CentrbL  1874,   786:  J. 
Chem.  Soc.  29  (1876),  192;  Jsb.  Chem.  1874,  294;  Amer.  Chemist. 
6  (1876),  437. 

1874:  30.    C.  A.  Winkler.    Ueber  die  Loslichkeit  des  legirten  Platins 
in  Salpetersaure.     (When  alloyed  with  silver,  copper,  lead,  bis- 
muth, or  zinc.)  Pt. 
Ztsch.  anaL  Chem.  13   (1874),  369;  Chem.  Centrbl.  1875,   162:  J. 
Chem.  Soc.  13  (1875),  428;  Berg  u.  Hiitten  Ztg.  34  (1875),  145: 
J.  BuBB.  Chem.  Soc.  7,  ii  (1875),  27;  Amer.  Chemist,  5   (1S75). 
402. 

1874:  31.    H.  Topsoe.    Beitrage  zur  krystallographischen  Kenntni>s 

der  Salze  der  seltenen  Erdmetalle.     (Double  platinum  chloriils 

and  cyanids.)  Pt, 

Bihand.  Akad.  HandL  (Stockholm),  2  (1874),  5;  Ber.  8  (1875),  1^. 

1874:  32.    A.  H.  L.  Fizeau.    Dilation  du  alliage  platine-iridium. 

C.  B.  78  (1874),  1205;  Jsb.  Chem.  1874,  70.  Ir,  Pt. 

1874:  33.    J.  L.  Smith.    Gold-lined  capsules  and  crucibles.  Pt 

Amer.  Chemist,  5  (1874),  213;  Chem.  News,  31  (1875),  55;  Dingi. 
pol.  J.  219  (1876),  183;  Jsb.  Chem.  1876,  1096;  Chem.  tech.  Mitth. 
(Eisner),  25  (1875-76),  203;  Ztsch.  anal.  Chem.  14  (1875),  329. 

1874:  34.    H.  Carmichael.     (Platinum  digestor.)  Pt. 

Proc.  Amer.  Assoc.  1874;  Amer.  Chemist,  5  (1874),  163. 

1874:  35.    E.  Reichardt.    Briichiges  Platin.     (With  silicon.)  Pr. 

Arch,  fiir  Pharm.  205  (1874),  123;  Chem.  Centrbl.  1874,  595;  Din^L 
pol.  J.  213  (1874),  445;  240  (1881),  217;  Jsb.  Chem.  1874,  294; 
Amer.  Chemist,  6  (1875),  155. 

1874:  36.    A.  Polain.    De  la  resistance  du  bronzephosphorenx  et  de 

ses  applications  dans  I'industrie.     (Plating  phosphorbronze  with 

platinum.)  Pt, 

Rev.  Univ.  des  Mines,  35  (1874),  595;  Dingl.  pol.  J.  217  (1875),  494. 
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1874:  37.    P.  de  Wilde.     Action  de  Fhydrog^ne  sur  Tac^tylene  et 
r^thyltoe  sous  Finfluence  du  noir  de  platine.  Pt. 

Bui.  Acad.  Sci.  BnixeUes,  37  (1874),  73;  Ber.  7  (1874),  353;  Bui. 
80C.  chim.  [2],  21  (1874),  446;  J.  Ghem.  Soc.  27  (1874),  882. 

1874:  38.    E.  C.  Bottger.    Ueber  Aufbewahning  und  Eigenschaften 

eines  aiif  elektrolytischem  Wege  mit  Wasserstofl  iibersattigten 

Palladiumbleches.  Pd. 

J.  prakt.  Chem.  9  (1874),  193;  Tageblatt  Naturf.  Versamml.  1875, 

54;  Chem.  Centrbl.  1875,  643;  J.  Buss.  Cb^m.  Soc.  7,  ii  (1875),  97. 

1874:  39.    M.  Traube.    Zur  Theorie  der  Fennentwirkung.    (Platinum 
black  on  sugar.)  Pt. 

Ber.  7  (1874),  115;  Ztsch.  anaL  Chem.  13  (1874),  349;  N.  arch.  sci. 
phys.  nat.  49  (1874),  141;  Jsb.  Chem.  1874,  951. 

1874:  40.    E.  Haoenbach-Bischoff.    Fernere  -Versuche  iiber  Fluores- 

cenz.     (Of  platinocyanids,  p.  309.)  Pt. 

Ann*  der  Phys.  (Fogg.),  Jubelb.  (1874),  303;  Jsb.  Chem.  1874,  155. 

1874:  41.    H.  Top85e.    Krystallographisch-chemische  Untersuchungen 
(iiber  Baryumplatinchlorid  und  Natriumplatinumbromid).       Pt. 
Sitzber.  Wien.  Acad.  69,  ii  (1874),  261;  Jsb.  Chem.  1874,  179. 

1874:  42.    Willis,  Jr.    (Platinum  and  iridium  in  photography.)  Pt,  Ir. 
Polyt.  NotizbL  (1874),  No.  6;  Amer.  Chemist,  5  (1874),  153;  Chem. 
CentrbL  1874,  583;  J.  Chem.  Soc.  27  (1874),  1019. 

1874:  43.     D.  Macaluso.    XJntersuchung  iiber  die  galvanische  Polarisa- 
tion durch  Chlor  imd  Wasserstoflf.    Ueber  die  electromotorische 
Kraft  des  mit  kleinen  Mengen  von  Chlor  beladenen  Platins.    Pt. 
J.  prakt.  Chem.  29  (1874),  225;  J.  Chem.  Soc.  27  (1874),  1044. 

1876:  1.    A.  Desoloizeau.    Note  sur  T^l^ment  pyrox6nique  de  la  roche 
associie  au  platine  de  TOural.  Pt. 

C.  B.  80  (1875),  785;  J.  Chem.  Soc.  28  (1875),  623. 

1875:  2.     G.  A.  Daubre'e.    Association,  dans  FOural,  du  platine  natif  & 

la   roches   k   base   de   peridot;   relation   d'origine   qui   unit   ce 

m6tal  avec  le  fer  chrom6.     (Matrix  of  platinum.)  Pt. 

C.  R.  80  (1875),  707;  BuL  G€oL  Soc.  (Paris),  3  (1875),  311;  Neues 

Jahrb.  MineraL  1875,  540;  Jsb.  Chem.  1875,  1194;  Ann.  des  Mines 

[7],  9  (1876),  123;  Amer.  Chemist,  6  (1876),  469;  Le  TechnoL 

1876,  No.  7. 

1875:  3.     H.  Sainte-Claire  Deville.     Sur  les  alliages  de  platine  et 
de  fer.     (Rejoinder  to  Daubr6e,  1875:  27.)  Pt,  Ir. 

C.  R.  80  (1875),  589;  Chem.  News,  31  (1875).  171;  J.  Chem.  Soc.  28 
(1875),  534;  Jsb.  Chem.  1875,  232,  1196;  1880,  362;  Monit.  scientif. 
[3],  6  (1876),  548;  Chem.  Industrie,  3  (1880),  22. 
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1876:  4,  K.  L.  F.  von  Sandbebgeh.  [Barytglimmer  vom  Habach- 
thai;  Brauneisenera-Pseudomorphoseiiy  welche  Platin  enthalten, 
aus  Mexico.]  Pt 

Neues  Jahrb.  Mineral.  1875,  625;  J.  Chem.  Soc.  29  (1876),  54;  Jsb. 
Cbem.  1875,  1194. 

1875:  5.    .    Werth  von  Metallen.        Ft,  Pd,  Ir,  Rh,  Os,  Bu. 

Berg  und  Hiitten  Ztg.  34    (1875),  244   (from  Mining^   and  Set 
Press);  Chem.  Centrbl.  1875,  544. 

1875:  6.    .    Zur   Industrie   der   Edelmetalle.      (Scheidnng 

der  alten  Thaler  in  Frankfurt  a.  M.)  R,  Pi 

Indust.  Blatter,  12  (1875),  386;  Dingl.  pol.  J.  218  (1875),  376. 

1876:  7.    .     (Apparatus  at  Conservatory  of  Arts  and  Meas- 
ures [Paris]  for  fusion  of  platinum.)  Pt. 
Amer.  Qhemist,  5  (1875),  354;  from  La  Nature. 

1875:  8.    .     (Forging  of  a  platinum  ingol;.)  Pt. 

Amer.  Chemist,  5  (1875),  394;  from  La  Nature. 

1875:  9.  J.  R.  von  Waoneb.  Ueber  die  Verwendbarkeit  des  Broms  in 
der  Hydrometallurgie,  der  Probirkunst,  und  der  chemischen 
Technologie.    (Extraction  of  platinum.)  Pt. 

Chem.  Centrbl.  \875;  Dingl.  pol.  J.  218  (1875),  254;  BuL  aoc  chim. 
[2],  25  (1876),  138. 

1875:  10.    J.  L.  Smith.    A  convenient  instrument  for  showing  the 

absorption  of  hydrogen  gas  by  palladium.     (Read  at  A.  A.  A.  S,, 

1875.)  Pd,  Pt. 

Amer.  Chemist,  6  (1875),  106;  Jsb.  Chem.  1875,  153;  Gazz.  chim. 

ital.  6  (1876),  101;  Rev.  scientif.  Feb.  (1876). 

1875:  11.     L.  H.  Laudt.     The  occlusion  of  hydrogen  by  palladium. 

Amer.  Chemist,  5  (1875),  362;  Jsb.  Chem.  1875, 154.  Pd. 

1875:  12.  L.  Troost  and  P.  Hautkfeuille.  Sur  la  dissolution  de 
ITiydrogfene  dans  les  m6taux.  Pd. 

C.  R.  80  (1875),  788;  Chem.  News.  31  (1875),  196. 

1875:  13.  R.  Godeffroy.  Einige  neue  Salze  und  Reactionen  dtJ5 
Caesiums  und  Rubidiums.     (Double  platinum  chlorids.)  Pt. 

Ber.  8  (1875),  9;  Pharm.  Ztsch.  Russl.  14  (1875),  35;  Ztsch.  anal. 
Chem.  14  (1875),  92. 

1875:  14.  A.  von  Lasaulx.  Ueber  die  Krystallformen  des  Natrium- 
iridium-  und  des  Natriumrhodium-Sesquichloriirs.  Ir,  Bh. 

Neues  Jahrb.  Min.  1875, 128. 
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1875:  15.  B.  Delachanal  and  A.  Mebmet.  Sur  une  compost  de 
platine^  d'^tain  et  d'oxyg^ne,  analogue  au  pourpre  de  Gassius. 
(Ozyde  platinostannique  de  M.  Dumas.)  Pt. 

C.  R.  81  (1875),  370;  BuL  80C.  chim.  [2],  24  (1875),  435;  Ber.  8 
(1875),  1353;  Chem.  Centrbl.  1875,  625;  Chem.  News,  32  (1875), 
157;  Gaz.  chim.  6  (1876),  159;  J.  Chem.  Soc.  29  (1876),  48;  Jsb. 
Chem.  1875,  232;  J.  Buss.  Chem.  Soc.  7,  ii  (1875),  404;  Amer. 
ChemiBt,  6  (1876),  319. 

1875:  16.    S.  KsltN.    On  the  action  of  sulphocyanides  on  palladium 

chloride  and  nitrate.    (No  precipitate.)  Pd. 

Chem.  News,  32  (1875),  242;  J.  Buss.  Chem.  Soc.  7,  i  (1875),  316; 

Ber.  8  (1875),  1684;  Ztsch.  anaL  Chem.  17  (1878),  491;  Jsb.  Chem. 

1875,  233. 

1875:  17.  S.  Kebn.  On  some  reactions  of  iodine  and  palladium 
chloride  with  potassium  f  errocyanide.  Pd. 

Chem.  News,  33  (1876),  184;  J.  Buss.  Chem.  Soc.  7,  i  (1875),  316; 
J.  Chem.  Soc.  30  (1876),  325. 

1875:  18.  H.  Sainte-Claibe  Dbville  and  H.  Debbay.  Du  ruthe- 
nium et  de  ses  compost  ozyginis.  Bu. 
C.  B.  80  (1875),  457;  Ann.  chlm.  phys.  [5],  4  (1875),  537;  Bui.  soc. 
chim.  [2],  24  (1875),  191;  Ber.  8  (1875),  339;  Chem.  CentrbL  1875, 
258;  J.  Chem.  Soc.  29  (1876),  48;  Jsb.  Chem.  1875,  233;  Amer. 
Chemist,  6  (1875),  189;  6  (1876),  396;  Gazz.  chim.  ItaL  6  (1876), 
518. 

1875:  19.  A.  Attebbebg.  Sur  quelques  combinaisons  du  glucinium 
(platinocyanid).  Pt. 

Bui.  soc.  chim.  [2],  24  (1875),  358;  Gazz.  chim.*itaL  6  (1876),  159. 

1875:  20.  V.  A.  Vidau.  Note  sur  les  cuprocyanures  et  le  pallado- 
cyanure  de  potassium.  Pd. 

J.  de  pharm.  22  (1875),  321;  Amer.  Chemist,  6  (1876),  319;  Gazz. 
chim.  ItaL  6  (1876),  224;  J.  Chem.  Soc.  31  (1877),  456. 

1875:  21.    F.  Selmi  (and  C.  Bettelli).    Nuovi  reattivi  per  riconoscere 

e  discemere  gli  alcaloidi  venefici.     (Potassium  iodoplatinate  as  a 

reagent  for  the  alkaloids.)  Pt. 

Mem.  Accad.  Sci.  Bologna,  6  (1875),  189,  201;  Bendlcontl.  Accad. 

Sci.  Bologna,  1875,  104,  153;  Gaz.  chim.  5  .(1875),  255;  J.  Chem. 

Soc.  29  (1876),  113,  114;  Ber.  8  (1875),  119^;  9  (1876),  196;  BuL 

med.  d.  Bologna,  19,  321. 

1875:  22.     H.  Zenoeb.     Eine  bis  jetzt  vemachlassigte  lodquelle.  (Siiss- 

wasserpflanzen.)     (Detection  of  iodin  by  palladium  iodid.)        Pd. 

Arch,  fur  Pharm.  206  (1875),  137;  J.  Chem.  Soc.  29  (1876),  876; 

Amer.  Chemist,  6  (1876),  259;  Ztsch.  anal.  Chem.  14  (1875),  368. 
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1875:  23.  W.  C.  Lossen.  Notiz  iiber  die  reducirende  Wirkung  des 
Hydroxylamins  (auf  Platinchlorid).  Pt. 

Ber.  8  (1875),  357. 

1875:  24.  V.  Meyeb  and  J.  Locheb.  Ueber  die  Einwirkung  der 
Sauren  auf  nitrirte  Pettkorper.  (Action  of  hydrogen  on  hydroiyl- 
amin  in  presence  of  platinum  tetrachlorid.)  Pt. 

Ber.  8  (1875),  219  (foot-note). 

1875:  25.  T.  J.  Faiblbt.  On  new  solvents  for  gold,  silver,  platinum^ 
&c.,  with  an  explanation  of  the  so-called  catalytic  action  of  these 
metals  and  their  salts  on  hydrogen  dionide  (diozid).  Pt« 

Brit.  Assoc.  Bep.  45  (1875),  42  (title  only);  Ber.  8  (1875),  1600. 

1875:  26.  H.  Sainte-Claibb  Deville  and  H.  Dbbbat.  De  la  densit^ 
du  platine  et  de  Firidinm  purs,  et  de  leur  alliages.  Pt,  Ir. 

C.  B.  81  (1875),  839;  Bui.  soc.  chim.  [2],  26  (1876),  157;  Ber.  8 
(1875),  1591;  Chem.  CentrbL  1876,  4;  Chem.  News,  32  (1875),  281; 
Amer.  J.  Sci.  [3],  11  (1876),  142;  Monit.  scient.  [3],  6  (1876),  75; 
Phil.  Mag.  [4],  50  (1875),  558;  J.  Cbem.  Soc.  29  (1876),  523;  Ztsch. 
anal.  Chem.  15  (1876),  451;  Jsb.  Chem.  1875,  231;  J.  Buss.  Chem. 
Soc.  8,  ii  (1876),  109;  Amer.  Chemist,  6  (1876),  398;  J.  de  pharm. 
23  (1876),  168;  Gazz.  chim.  ital.  6  (1876),  475. 

1875:  27.    G.  A.  Daubbee.    Experiences  sur  Fimitation  artiflcielle  du 

platine  natif  magn^tipolaire.  Pt. 

C.  B.  80  (1875),  526;  Ann.  dea  Mines  [7],  9  (1876),  123;  BuL  g6oL 

soc.  Paris,  3   (1875),  310;  Bingl.  poL  J.   240   (1881),  216;  Jsb. 

Chem.  1875,  1195. 

1875:  28.  A.  Scheubeb-Kestneb.  Dissolution  du  platine  dans  Tacide 
sulfuriquCy  pendant  I'op^ration  industrielle  de  la  concentration. 

Pt. 

C.  B.  81   (1875).  892;  Bui.  soc.  chim.   [2],  24  (1875),  501;  Ber.  8 

(1875),  1593;  Amer.  J.  Sci.  [3],  11  (1876),  216;  Chem.  CentrbL 

1876,  8;  Chem.  News,  32  (1875),  281;  Gaz.  chim.  6  (1876),  162;  J. 

Chem.  Soc.  29  (1876),  345;  Amer.  Chemist,  6  (1876),  296,  356. 

1875:  29.  A.  Baueb.  Ueber  die  Einwirkung  von  Schwefelsaure  auf 
Blei.     (And  lead  platinum  alloys.)  Pt. 

Ber.  8  (1875),  212;  Chem.  Centrbl.  1875,  211. 

1875:  30.  P.  Weiskopf.  Kupferlegirung  und  Silber  intensiv  schwarz 
zu  farben.    '(Durch  Platinchloriir.)  Pt. 

Dingl.  pol.  J.  215  (1875),  470. 

1875:  31.    Heyl.     [Pflug's  Platinfarbe.]  Pt. 

Gewerbeblatt  f.  Grossh.  Hessen,  38  (1875),  229;  Polyt.  NotizbL  30 

(1875),  267;  Chem.  Centrbl.  1875,  710;  Amer.  Chemist,  6  (1875), 

236. 
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1875:  32.    J.  J.  Coquillion.     Sur  raction  du  platine  et  du  palladium 
sur  les  hydrocarbures  de  la  86rie  benz^nique.  (Oxidation.)  Pt,  Pd. 

C.  R.  80  (1875),  1089;  Ber.  8  (1875).  697;  Chem.  News.  31  (1875), 
239:  J.  Chem.  Soc.  28  (1875),  1188. 

1875:  33.    P.  Champion,  H.  Pellet,  and  Qrenier.    Application  de 
I'^lectricite  k  rinflammation  des  foximeaux  de  mine,  torpilles,  etc., 
et  k  rindustrie  miniere.     (Amorces  k  fils  de  platine,  p.  84.)         Pt. 
Ann.  chim.  phys.  [5],  5  (1875),  28. 

1876:  1.     A.    Terreil.     Analyse    du    platine   natif   magnetique    de 

Nischne-Tagilsk.  Pt. 

Bui.  soc.  chim.  [2],  25  (1876),  482;  C.  B.  82  (1876),  1116;  Ber.  9 

(1876),  850;  Chem.  CentrbL  1876,  408;  Chem.  News,  33  (1876), 

213;  Gaz.  chim.  7  (1877),  1116;  J.  Chem.  Soc.  30  (1876),  386;  Jsb. 

Chem.  1876,  290,  1218. 

1876:  2.     G.  A.  Daubree.    Presence  du  nickel  dans  le  platine  natif. 
C.  B.  82  (1876),  1116;  Jsb.  Chem.  1876,  290.  Pt. 

1876:  3.     G.  von  Uslar.     Die  Platin  nnd  Silber  fiihrende  Seifen  von 

Santa  Maria  de  las  Animos  (Mexico).  Pt. 

Berg  und  Hiitten  Ztg.  35  (1876),  88>  DingL  pol.  J.  240  (1881),  213. 

1876:  4.    H.  Rossler.    Ueber  das  Vorkommen  von  Palladium,  Platin 

und  Selen  in  den  Silbermiinzen.  Pt,  Pd. 

Ann.   Chem.    (Liebig),   180   (1876),   240;  Bui.   soc.   chim.    [2],   27 

(1877),  284;  Amer.  J.  Sci.  [3],  11  (1876),  486;  Jsb.  Chem.  1876, 

285. 

1876:  5.     Frantz.     Eusslands  ilontanproduction.  Pt. 

Oberschles.  Ztsch.  (1876),  No.  16;  Berg  und  Hiitten  Ztg.  35  (1876), 
179;  Chem.  Centrbl.  1876,  384. 

1876:  6.    Brachelli.    Jahrliche  Metal! production.  Pt. 

Berg  und  Hiitten  Ztg.  35  (1876),  179  (from  Die  Staaten  Europa's); 
Chem.  Centrbl.  1876,  368. 

1876:  7.    .     Die  Preise  aller  Metalle.  Pt,  Pd,  Ir,  Rh,  Os,  Eu. 

Berg  und  Hiitten  Ztg.  35  (1876),  410  (from  Stummer's  Ingenieur); 
Chem.  CentrbL  1877,  160. 

1876:  8.    .     Zur   Darstellung  des   Platins.      (Editorial   re- 
view.) Pt. 

DingL  poL  J.  220  (1876),  95. 

1876:  9.     J.  Philipp.    Darstellung  Platins  von  Heraeus  (auf  der  Wiener 
Ausstellung).  Pt,  Pd,  Ir,  Rh,  Os,  Eu. 

Amtlicher  Ber.  iiber  Wiener  Ausst.  Heft.  20,  999;  DingL  poL  J. 
220  (1876),  95;  Jsb.  Chem.  1876,  1075. 
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1876:  10.  E.  H.  Sainte-Clairb  Deville  and  J.  H.  Debray,  De 
rosmiuin.     (Preparation  and  propertieB.)  Os. 

C.  R.  82  (1876),  1076;  Ber.  9  (1876),  848;  Bull.  soft.  chim.  [2],  25 
(1876),  339;  Chem.  Centrbl.  1876,  417;  Chem.  News,  33  (1876), 
230;  Gaz.  chim.  7  (1877),  34;  J.  Chem.  Soc.  30  (1876),  279;  Zt&ch. 
anal.  Chem.  15  (1876),  454;  Jsb.  Chem.  1876,  301;  Amer.  Chemist. 
7  (1876),  120. 

1876:  11.    E.  H.  Sainte-Claire  Deville  and  J.  H.  Debray.     Sur  \es 

propri6t68  physiques  et  chimiques  du  ruthenium.     (Important 

memoir  on  preparation,  crystallization,  analysis,  alloys,  and  tet- 

roxid.)  Bu. 

C.  R.  83  (1876),  926;  Ber.  9  (1876),  1935;  Chem.  CentrbL  1877,  66: 

Chem.  News,  34  (1876),  265;  J.  Chem.  Sob.  31  (1877),  443;  J.  de 

pharm.  25  (1877),  182;  Jab.  Chem.  1876,  302,  1004;  J.  Rusa.  Chem. 

Soc.  9,  ii  (1877),  245;  Amer.  Chemist.  6  (1876),  277. 

1876:  12.  L.  F.  Nilson.  Zur  Frage  fiber  die  Valenz  der  seltenen  Eni- 
metalle.  (Chlorplatinates  of  the  rare  earths,  and  iron,  chromium, 
indium,  aluminum  and  tin.)  Pt. 

Ber.  9  (1876),  1056,  1142;  Jsb.  Chem.  1876,  292;  BuL  soc.  cbim.  [2]. 
27  (1877),  206;  J.  RusB.  Chem.  Soc.  9,  ii  (1877),  98;  Amer.  Chem- 
ist, 7  (1876),  242. 

1876:  13.  L.  F.  Nilson.  Untersuchimg  iiber  Chlorosalze  iind  Doppe!- 
nitrite  des  Platins.  Pr. 

Nova  Acta.  Soc.  Sci.  Upsala,  [3],  vol.  extraord.  (1877),  No.  15. 
Oefversi^rt  Akad.  Handl.  (Stockholm),  33  (1876),  No.  6,  3,  11,  2^: 
Ber.  9  (1876),  1722;  Bui.  soc.  chim.  [2],  27  (1877),  208,  210,  242: 
Chem.  Centrbl.  1877,  98,  291;  1878,  212;  Chem.  News,  34  (1876). 
270;  36  (1877),  183;  37  (1878),  31;  Gaz.  chim,  7  (1877),  1532;  ^ 
(1878),  160;  J.  Chem.  Soc.  32  (1877),  115,  277;  34  (1878),  274:  J. 
prakt.  Chem.  [2],  15  (1877),  177,  260;  16  (1877),  241;  Jsb.  Chem. 
1876,  295;  1877,  310. 

1876:  14.    A.  Gxjyard  (H.  Tamm).    Note  sur  le  silieiure  de  platine.  Pt. 

Bui.  soc.  chim.  [2],  25  (1876),  510;  Dingl.  poL  J.  240  (1881),  217: 
Gaz.  chim.  8  (1878),  522;  J.  Chem.  Soc.  30  (1876),  384;  Jsb.  Chem. 
1876,  292;  J.  Russ.  Chem.  Soc.  9,  ii  (1877),  98;  Amer.  Chemist,  7 
(1877),  322. 

1876:  15.    J.  B.  J.  Boussingault.     Sur  la  siliciuration  du  platine  et  d^ 
quelques  autres  in6taux.  Pt,  Pd,  Ru,  Ir. 

C.  R.  82  (1876),  591;  Ann.  chim.  phys.  [5],  8  (1876),  145;  Ber.  9 
(1876),  503;  Bui.  soc.  chim.  [2],  26  (1876),  265;  Chem.  Centrbl 
1876,  307;  Chem.  Nevirs,  33  (1876),  148;  BingL  poL  J.  225  (1ST7K 
108;  Gaz.  chim.  6  (1876),  496;  J.  Chem.  Soc.  30  (1876),  47;  Jsb. 
Chem.  1876.  291;  J.  Russ.  Chem.  Soc.  8,  ii  (1876),  392;  9,  ii  (1877). 
207. 
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1876:  16.    p.  KRtTGER.    TJeber  Isomerien  bei  organiBchen   Sulfinver- 

bindungen.     (Platinmn  salts  of  sulfur  bases.)  Pt. 

J.  prakt.  Chem.  [2],  14  (1876),  193;  Gazz.  chim.  ital.  7  (1877),  246. 

1876:  17.  W.  Heintz.  Ein  neues,  zwei  verschiedene  Ammoniakbasen 
enthaltendes  Platinsalz.    (Triacetonamin  und  Triacetonalkamin.) 

Pt. 
Ann.  Chem.    (Liebig),   183   (1876),  317;  BuIL  soc.  chim.   [2],  28 
(1877),  20;  J.  Chem.  Soc.  31  (1877),  592;  Amer.  Chemist,  7  (1877), 
360. 

1876:  18.  G.  Quesneyille.  Action  de  rammoniaque  et  des  ammoni- 
aques  compos^es  sur  les  chlorures  phosphoplatineux  et  phospho- 
platinique.  Pt. 

Monit.  scient.  [3],  6  (1876),  659;  Jsb.  Chem.  1876,  298. 

1876:  19.    P.  Casakajob.    On  the  amalgamation  of  iron  and  of  some 

other  metals.     (Platinum  and  palladium  amalgam.)  Pt,  Pd. 

Amer.  Chemist,  6  (1876),  450;  Chem.  News,  34  (1876),  34;  Engin. 

Mag.  15  (1876),  305;  Jsb.  Chem.  1876,  281;  Archiv  Pharm.  [3], 

11  (1877),  464;  J.  Chem.  Soc.  34  (1878),  474. 

1876:  20.  G.  H.  Billings.  The  properties  of  iron  alloyed  with  other 
metals.     (With  platinum,  p.  451.)  Pt. 

Trans.  Amer.  Inst.  Min.  Eng.  5  (1876),  447;  Dingl.  poL  J.  228 
(1878),  430;  Eng.  and  Min.  J.  23  (1877),  415. 

1876:  21.  A.  Chatin.  Des  causes  d'insuccis  dans  la  recherche  de 
minimes  quantit6s  d'iode.  (Detection  of  iodin  by  palladium 
chlorid.)  Pd. 

C.  B.  82  (1876),  128;  Ztsch.  anaL  Chem.  15  (1876),  460. 

1876:  22.    F.   Becker.    TJeber  einige   Tellurverbindungen.      (Separa- 
tion of  tellurium  and  platinum,  Ann.  Chem.,  p.  268.)  Pt. 
Sitzber.  Phys.  Med.  Soc.  Erlangen,  8  (1876),  23;  Ann.  Chem.  (Lie- 
big),  180  (1876),  257;  Ztsch.  anal.  Chem.  15  (1876),  338. 

1876:  23.    M.  Kretschy.    Konnen  die  indirecten  Methoden  der  Alkali- 

bestimmung  sich  gegenseitig  controlireu  oder  zu  Controle  der 

directen  Methoden  verwendet  werden?    (Bestimmung  des  Kalis 

mittelst  Chlorplatin,  p.  49.)  Pt. 

Ztsch.  anal.  Chem.  15  (1876),  37. 

1876:  24.     S.  Kern.     On  the  action  of  magnesium  on  some  metallic 
salts.     (Platinum  salts,  p.  112;  palladium  salts,  236.)  R,  Pd. 

Chem.  News,  33  (1876),  112,  236;  Bui.  soc.  chim.  [2],  27  (1877),  111. 

1876:  25.    S.   Kern.     On   some   reactions   of   iodine   and   palladium 
chloride  with  potassium  ferrocyanide.  Pd. 

Chem.  News,  33  (1876),  184. 
11 
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1876:  26.  E.  H.  Sainte-Claibb  Dbville  and  J.  H.  Debray.  De  la 
decomposition  de  Teau  par  le  platine.  Pt. 

C.  R.  82  (1876),  241;  Bui.  soc.  chim.  [2],  26  (1876),  268;  J.  de  pharm. 
23  (1876),  166;  Ber.  9  (1876),  366;  Chem.  Centrbl.  1876,  193;  Cbem. 
News,  33  (1876),  74;  J.  Chem.  Soc  30  (1876),  43;  Amer.  J.  ScL 
[3],  11  (1876),  318;  Jsb.  Chem.  1876,  299;  Gazz.  chim.  ital.  6 
(1876),    475. 

1876:  27.  F.  W6'hler.  Notiz  liber  das  Verhalten  des  Palladiums  in 
der  Alkoholflamrae.     (Decomposition  of  alcohol  and  ethylene.) 

Pd- 

Nachrichten,  Oottingen,  1876,  489;  Ann.  Chem.  (Liebi^),  1>4 
(1877),  128;  Ber.  9  (1876),  1713;  Bui.  boo.  chim.  [2],  28  (1877). 
158;  Chem.  News,  34  (1876),  269;  35  (1877),  55;  J.  Chem*  Soc.  31 
(1877),  437;  Amer.  J.  Sci.  [3],  13  (1877),  148;  Jsb.  Chem.  ISTo, 
300;  Amer.  Chemist,  7  (1877),  360;  Phil.  Mag.  [5],  3  (1877),  35. 

1876:  28.  W.  Skey.  On  the  oxidation  of  silver  and  platinum  hj 
oxygen  in  the  presence  of  water.  Pt. 

Trans.  New  Zealand  Inst.  8  (1876),  332;  Chem.  News,  35  (IS'Ti, 
203;  Jsb.  Chem.  1877,  303;  J.  Chem.  Soc.  30  (1876),  608. 

1876:  29.  W.  Skey.  On  certain  chemical  effects  of  oxygenizel 
graphite  and  platinum.  Pr, 

Trans.  New  Zealand  Inst.  8  (1876),  347;  Chem.  News,  36  (1877).  e> 
J.  Chem.  Soc.  30  (1876),  609;  32  (1877),  710. 

1876:  30.  J.  Thomsen.  Ueber  die  Neutralization.  (Neutralizations- 
warme  der  Ammoniumbasen.)  Pt. 

J.  prakt.  Chem.  [2],  13  (1876),  241;  Chem.  Centrbl.  7  (1876),  543: 
Jsb.  Chem.  1876,  83. 

1876:  31.  F.  Kopfeb.  On  the  use  of  platinum  in  the  ultimate  analysis 
of  chemical  compounds.  Pt, 

J.  Chem.  Soc.  29  (1876),  660;  Ber.  9  (1876),  508?  Bui.  soc.  chim.  [2j» 
26  (1876),  475;  Chem.  News,  33  (1876),  127. 

1876:  32.  F.  Kopfer.  Ueber  die  Anwendung  des  Platins  bei  iler 
Elementaranalyse.  Pt. 

Ber.  9  (1876),  1377;  J.  Chem.  Soc.  31  (1877),  228;  Jsb.  Chem.  1S>. 
958;  Amer.  Chemist*  7  (1877),  316. 

1876:  33.  A.  Mitscherlioh.  Elementaranalyse  vermittelst  Queek«i!- 
beroxyd.  (Use  of  potassium  chlorplatinate  to  determine  oxviren 
directly,  p.  374.)  "  Ft. 

Ztsch.  anal.  Chem.  15  (1876),  371. 

1876:  34.  E.  F.  Durre.  Studien  iiber  die  Ausniitzung  der  Warme  in 
den  Oefen  der  Huttenwesen.  (Platinschmelzen  in  Knallgai^i''^ 
blase.)  Pt. 

Dingl.  pol.  J.  220  (1876),  324. 
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1876:  36.    C.  J.  H.  W.    Platimim  combuBtion  tnbes.  Pt. 

Chem.  News,  34  (1876),  67;  Amer.  Chemist,  7  (1877),  362. 

1876:  36.    W.  D.  Hebman.    Platinum  combustion  tubes.  Pt. 

Chem.  News,  34  (1876),  81. 

1876:  37.    W.  Jago.    Bapid  filtration  (by  platinum  filters).  R. 

Amer.  Chemist,  6  (1876),  351;  Jsb.  Chem.  1876,  969. 

1876:  38.    C.   Stockmann.    TJeber  das   Aufschliessen  von   Silicaten. 
(Getting  melt  out  of  platinum  crucible.)  Pt. 

Ztsch.  anal.  Chem.  15  (1876),  283. 

V  

1876:  39.    F.  Stolba.    TJeber  die  Anwendung  des  Borfluorkaliums  als 

Flussmittel  bei   Lothungen.     (Zur   Eeinigung   der   Platintiegel 

durch  Borfluorkalium  und  Borsaure.)  Pt. 

Sitzber.  bohm.  Gesel.   (Prag),  1876,  220;  Ztsch.  anal.  Chem.  16 
(1877).  95. 

1876:  40.    F.  Bode.    Faure  und  Kessler's  Platinschale.    (Zur  Schwefel- 
saureconcentration.)  Pt. 

Dingl.  pol.  J.  220  (1876),  334. 

1876:  41.    F.  Bode.    Concentration  von  Schwefelsaure  in  Platinschaleil 
nach  Faure  und  Kessler.  Pt. 

Dingl.  pol.  J.  220  (1876J,  336. 

1876:  42.    F.  Bode  (nach  Scheukeh-Kestnbr).    TJeber  Abnutzung  der 
Platingefasse  beim  Concentration  von  Schwefelsaure.  Pt. 

Dingl.  pol.  J.  221  (1876),  82;  J.  Chem.  Soc.  30  (1876),  674. 

1876:  44.    L.  Eessleb  (also  S.  Hasenclsyeb  and  Johnson,  Matthet 
&  Co.).    TJeber  Faure  und  Kessler's  Platinschale.  Pt. 

Dingl.  pol.  J.  221  (1876),  85. 

1876:  46.     [J.  Zeman  and  F.  Fischeb.]     TJeber  Faure  und  Kessler's 
Platinschale.  R. 

Dingl.  pol.  J.  221  (1876),  384. 

1876:  46.    F.  Bode.    Neue  Formen  der  alten  Platinkessel.  Pt. 

Dingl.  pol.  J.  221  (1876),  641;  225  (1877),  281. 

1876:  47.    Lamy.    Appareils  k  cuvette  de  platine  de  MM.  Faure  et  Kess- 
ler pour  la  concentration  d'adde  sulfurique.  Pt. 

Bui.  80C.  chim.  [2],  25  (1876),  279. 

1876:  48.    S.  C.  B6ttoeb.    Neues  Yerfahren  Metalle  auf  galvanischem 
Wege  mit  Platin  zu  iiberziehen.  Pt. 

Jsb.  phys.  Ver.  Frankfurt,  1876-77,  20;  Dingl.  Jpol.  J.  229  (1878), 
395;  J.  Frank.  Inst.  [3],  76  (1878),  348. 
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1876:  49.  A.  Bebtbakd.  Becherches  but  la  production  de  dep6ts  flec- 
tro-chimiques  .  .  .  de  palladium.  Pd. 

C.  B.  83  (1876),  854;  Bui.  soc.  chim.  [2],  27  (1877),  382;  Chcm. 
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1876:  54.    J.  J.  Coquillion.    Sur  les  limites  entre  lesquelles  pent  se 
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1878, 148. 

1876:  61.  H.  Helmholtz  (and  E.  Eoot).  Bericht  liber  Yersuche  des 
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elektrolytischen  Gasen  betrefFend.  Pt. 

Monatsber.  Akad.  Berlin,  1876,  217;  Ann.  der  Phys.  (Pogg.),  159 
(1876),  416;  Chem.  Centrbl.  1876,  401;  Phil.  Mag.  [5],  2  (1876), 
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C.  B.  83  (1876)»  1091;  J.  Boss.  Ghem.  See.  8,  ii  (1876),  227. 
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318;  Dingl.  pol.  J.  225  (1877),  210;  Gazz.  chim.  itaL  7  (1877),  561: 
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Soc.  32  (1877),  276;  Jsb.  Chem.  1877,  306. 
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anal.  Chem.  18  (1879).  461;  J.  Amer.  Chem.  Soc.  1  (1879),  557; 
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1877:  35.    M.  Prentice.    Verbesserte  Platingefasse.     (Patent.)        Pt. 
Ber.  10  (1877),  1170. 

1877:  36.    W.  KthncEL.    Pflug's  Platinfarbe.  R. 

Deutsche  Bauztg.  1877,  267;  DingL  pol.  J.  225  (1877),  215;  Jsb. 
Chem.  1877,  1232. 
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1877:  37.    B.  C.  BOttoeb.    Platinschwarzgewinnung.  Pt 

Jsb.  Phys.  Ver.  Frankfurt;  Pharm.  Centrhalle,  18  (1877),  218; 
Chem.  CentrbL  1877,  576;  J.  Chem.  Soc.  34  (1878),  114. 

1877:  38.  F.  Hoppe-Seyleb.  Vorlaufige  Mittheilungen.  1.  Palla- 
diumwasserstoff  als  Oxydationsmittel.  2.  Benzol  oxydirt  zn 
Phenol  dnrch  Palladiumwasserstoff.  3.  Oxyhamoglobin  rednciit 
zu  Methamoglobin  dnrch  Palladinmwasserstoflf.  Pd. 

Ztsch.  physiol.  Chem.  1  (1877),  396;  Chem.  CentrbL  1878,  306;  Jsbt 
Chem.  1877,  315. 

1877:  39.  D.  Tommasi.  Eicerche  fiaico-chimiche  sni  different!  stati 
allotropici  dell'  idrogeno.    (Hydrogen  on  palladinm.)  Pd. 

Bendic.  Inst.  Lombardo  [2],  10  (1877),  520;  Monit.  scdent^  [3], 
8  (1878),  829;  Ber.  10  (1877),  2066;  Chem.  Centrbl.  1878.  83; 
Jsb.  Chem.  1878,  193. 

1877:  40.  J.  J.  CoQxnLLiON.  Snr  la  dissociation  des  carbures  au  mojen 
du  fil  de  palladium,  et  sur  le  rapprochement  de  ces  f aita  avec  les 
actions  de  presence  ou  ph6nom6nes  catalitiques.  Pd. 

C.  R.  84  (1877).  1503;  Chem.  CentrbL  1877,  561;  Chem.  News,  55 
(1877),  43;  Gazz.  chim.  ital.  7  (1877),  500;  J.  Chem.  Soc  32 
(1877),  830. 

1877:  41.  J.  J.  COQUILLION.  Application  du  fil  de  palladium  an 
dosage  des  hydrocarbures  mgl&9  en  petite  proportion  dans  Tair. 

Pi 
C.  R.  85  (1877),  1106;  Chem.  CentrbL  1878,  104;  Chem.  News,  37 
(1878),   10;   Gazz.  chim.  ItaL  9    (1879),  248;  J.   de   pharm.  27 
(1878),  451. 

1877:  42.  F.  W.  Clabke.  Some  specific  gravity  determinatioiis. 
(Potassium  chloroplatinite  and  platithiocyanate.)  Pl 

Amer.  J.  ScL  [3],  14  (1877),  282. 

1877:  43.  G.  Govi.  Sur  la  transparence  du  fer  et  du  platine  incan- 
descent. Pt. 

C.  R.  85  (1877),  699;  Chem.  News,  36  (1877),  204;  DingL  poL  J.  2S$ 
(1878),  565. 

1877:  44.  G.  L.  Ciamician.  Ueber  die  Spectren  der  chemischen  Ele- 
mente  imd  ihrer  Verbindungen.  (Spectra  of  platinum  and  palla- 
dium.) Pt,  Pd. 

Sitzber.  Akad.  Wien,  76.  ii  (1878),  499;  Anzeig.  Akad.  Wicn,  14 
(1877),  181;  Jsb.  Chem.  1878, 174;  Repcrt.  Exper.  Phys.  13  (1877), 
432. 
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1877:  45.  J.  Yiollb.  Chaleur  sp^cifique  et  chalenr  de  fusion  in 
platine.  R. 

C.  R.  85  (1877),  543;  Bui.  80C.  chim.  [2],  30  (1878),  167;  Chem. 
Centrbl.  1877,  674;  Chem.  News,  36  (1877),  151;  Dingl.  pol.  J.  227 
(1878),  108;  Gazz.  chim.  ital.  8  (1878),  217;  J.  Chem.  Soc.  34 
(1878),  106;  Phil.  Mag.  [5],  4  (1877),  318;  Jsb.  Chem.  1877,  95; 
X  de  phys.  7  (1878),  69;  J.  Bnsa.  Chem.  Soc.  10,  ii  (1878),  39. 

1877:  46.     J.    Thomsbn.     Thermochemische    TJntersuchungen    iiber 

Platin  und  Palladium.  Pt,  Pd. 

J.  prakt.  Chem.  [2],  15  (1877),  435;  Bui.  soc.  «bim.  [2],  31  (1879), 

271;  Chem.  CentrbL  1877,  546;  Chem.  News,  36  (1877),  »4;  J. 

Chem.  Soc.  32  (1877),  566. 

1877:  48.    N.  Gesechus.    (Elasticity  of  platinum  and  palladium.) 

R,Pd. 
J.  Buss.  Chem.  Soc.  8,  ii  (1876),  311,  356;  Chem.  News,  3&  (1877),  39. 

,1878:  1.    J.  Philipp.    Le  platine  et  les  m^taux  qui  Taccompagnent. 

Monit.  sclent.  20  (1878),  59.  Pt,  Pd,  Ir,  Bh,  Os,  Ru. 

1878:  2.    .    The  metallurgy  of  platinum.    (Notes  from  the 

Paris  Exposition.)  R,  Pd,  Ir,  Eh,  Os,  Ru. 

Chem.  News,  38  (1878),  43. 

1878:  3.  G.  Matthey.  The  preparation*  in  a  state  of  purity  of  the 
group  of  metals  known  as  the  platinimi  series,  and  notes  upon  the 
manufacture  of  iridio-platinum.  Pt,  Ir,  Pd,  Rh,  Os,  Ru. 

•  Proc.  Boy.  Soc.  London,  28  (1879),  463;  Iron,  13  (1879),  654,  678; 
Chem.  News,  39  (1879),  175;  Dingl.  pol.  J.  240  (1881),  213;  J. 
Buss.  Chem.  Soc.  11,  ii  (1879),  305. 

1878:  4.  E.  H.  Sainte-Claibe  Deville  and  J.  H.  Debrat.  Dissocia- 
tion des  ozydes  de  la  f amille  du  platine.  Pt,  Pd,  Ir,  Rh,  Os,  Ru. 
C.  B.  87  (1878),  441;  Chem.  Centrbl.  1878,  682;  Ber.  11  (1879),  364; 
Bui.  soc.  chim.  [2],  32  (1879),  294;  Chem.  News,  38  (1878),  188; 
J.  de  pharm.  28  (1878),  441;  Phil.  Mag.  [5],  6  (1878),  394;  J. 
Buss.  Chem.  Soc  10,  ii  (1878),  331;  Gazz.  chim.  ital.  7  (1879), 
154;  Jsb.  Chem.  1878,  123. 

1878:  6.  R.  Qodepfroy.  Eigenschaften  einiger  Caesium-  und  Rubi- 
diumverbindungen.    (Cesium  palladium  chlorid.)  Pd. 

Arch,  pharm.  212  (1878),  47;  Chem.  Centrbl.  1878,  162;  Jsb.  Chem. 
1878,  237. 

1878:  6.  S.  M.  Jorqexsen.  Bidrag  til  Kobaltammoniakforbindelsemes 
Chemi.     (Chloro-  and  bromo-platinates.)  Pt. 

Oversigt.  Dansk.  Vid.  Sels.  Copenhagen,  1878,  7;  J.  prakt.  Chem. 
18  (1878),  209. 
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1878:  7.    F.  T.  Frebichs  and  E.  F.  Smith.    Ueber  das  Didym  und 
Lonthan.     (Chloroplatinates.)  Pi 

Ann.  Chem.  (Liebig),  191  (1878),  331;  Chem.  CentrbL  1878,  3%; 
Jsb.  Chem.  1878,  445. 

1878:  8.     P.    T.    Cleve.     Om    nigra    lantan-    och    didymforeningsr. 

(Chloroplatinates;  criticism  of  Frerichs  and  Smith.)  Pt. 

Oefversigt.  Akad.  Forh.  Stockhoim,  35  (1878),  No.  5,  9;  Ber.  11 

(1878),  910;  Bui.  soc.  chim.  [2],  29  (1878),  492;  Jsb.  Chem.  1ST5, 

250. 

1878:  9.    D.  Cochin.    Snr  quelqnes  combinaisons  du  platine.    (Phos- 

phoplatinmn  ethers.)  Pt. 

C.  R.  86  (1878),  1402;  BuL  soc.  chim.  [2],  31  (1879),  498;  Chem. 

News,  38  (1878),  20;  Jsb.  Chem.  1878,  315;  J.  Riiss.  Chem.  Socl 

10,  ii  (1878),  287. 

1878:  10.'      C.  Seubebt.    Ueber  einige  Doppelsalze  des  zweiwerthigen 

Iridiums.     (Double  sulfites.)  Ir. 

Ber.  11  (1878),  1761;  Bui.  soc.  chim.  [2],  32  (1879),  403;  Chem. 

News,  39  (1879),  74;  DingL  poL  J.  230  (1878),  370;  J.  Chem.  Soe. 

36  (1879),  125;  Jsb.  Chem.  1878,  316;  J.  Buss.  Chem.  Soc  11,  ii 

(1879),  237. 

1878:  11.     C.  Seubert.    Ueber  das  Atomgewicht  des  Iridiums.    (191 
744,  H  =  1.)  •  Ir. 

Ber.  11  (1878),  1767;  BuL  soc.  chim.  [2],  32  (1879),  404;  Ann.  J.  So. 
[3],  17  (1879),  64;  Chem.  News,  39  (1879),  74;  J.  Chem.  Soc  SS 
(1879),  125;  Ztsch.  anal.  Chem.  21  (1881),  155;  Jsb.  Chem.  ISTS, 
316;  J.  Amer.  Chem.  Soc.  1  (1879),  320;  Ann.  der  Phys.  (Pogg.), 
BeibL  3  (1879),  322. 

1878:  12.    E.  von  Meyeb.    Ueber  einige  neiie  Platinverbindungen:  die 

Knallplatine.  Pt 

J.  prakt.  Chem.  [2],  18  (1878),  305;  Ber.  12  (1879),  130;  BuL  soc 

chim.   [2],  33   (1880),  172;  Gazz.  chim.  itaL  9    (1879),  99;  Jsb. 

Chem.  1878,  309. 

1878:  13.    L.  F.  Nilson  and  0.  Pbttbbsson.    Ueber  Darstellung  und 
Valenz  des  Berylliums.     (Platonitrites  and  chlorplatinate.)     Pt. 
Ann.  der  Phys.  (Pogg.),  [2],  4  (1878),  554;  Nova  Acta.  Soc  Sd. 
Upsala,  10  (1879),  No.  9;  Jsb.  Chem.  1878,  244. 

1878:  14.    L.  F.  Nilson.     Om  jodhaltiga  derivat  af  platonitrit.    (Pb- 
toiodonitrites.)  Pt. 

Oefversigt.  Akad.  Forh.  Stockholm,  35  (1878),  No.  3,  51;  Non 
Acta.  Soc.  ScL  Upsala  10  (1879),  No.  16;  Ber.  11  (1878),  879;  13 
(1880),  775;  BuL  soc.  chim.  [2],  31  (1879),  359;  Chenou  News,  35 
(1878),  49;  J.  Chem.  Soc.  34  (1878),  706;  J.  prakt.  Chem.  [2], 
21  (1880),  172;  Jsb.  Chem.  1878,  312;  1880,  363;  Chem.  CentrbL 
1880,  261;  J.  Buss.  Chem.  Soc.  11,  ii  (1879),  305. 
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1878:  15.  S.  E.  Phillips.  A  study  of  plat-ammonia  compoimds. 
(Concluding  with  The  general  character  of  the  metal  ammonium, 
p.  232.)  Pt,Eh,Ir,Ru,Pd. 

Chem.  News,  37  (1878),  209,  231;  Jsb.  Chem.  1878,  309. 

1878:  16.  E.  H.  Saintb-Claibe  Deville  and  J.  H.  Debbay.  Sur  un 
nouyeau  compost  du  palladium.     (Palladamin  chlorid.)  Pd. 

C.  B.  86  (1878),  926;  J.  de  pharm.  27  (1878),  422;  Bui.  boc.  chim. 
[2],  31  (1879),  440;  Chem.  CentrbL  1878,  387;  Chem.  News,  37 
(1878),  216;  Gazz.  chim.  ital.  9  (1879),  144,  267;  J.  Chem.  Soc.  34 
(1878),  650;  Jsb.  Chem.  1878,  316;  J.  Rubs.  Chem.  Soc.  10,  ii 
(1878),  237. 

1878:  17.  A.  Bebtin.  Sur  les  cristaux  idiocyclophanes.  (Platino- 
cyanid  of  yttrium,  p.  408.)  Pt. 

Ann.  chim.  phys.  [5],  15  (1878),  396. 

1878:  18.  F.  W.  Clabee.  On  some  seleniocyanates.  (Potassium 
platinoseleniocyanate.)  Pt. 

Amer.  J.  Sci.  [3],  16  (1878),  199;  Ber.  11  (1878),  1325;  Chem.  News, 
38  (1878),  170. 

1878:  19.  H.  von  Jitptneb.  Neue  Methode  der  quantitativen  Unter- 
suchung  von  Gold-  und  Silberlegirungen.  Pt. 

Anzeiger,  Akad.  Wien,  15  (1878),  161;  Bui.  soc.  chim.  [2],  33 
(1880),  448;  Ztsch.  anaL  Chem.  18  (1B79),  104. 

1878:  20.  B.  C.  Bottgeb.  (Losungsmittel  fiir  Ammoniumchloroplati- 
nate.)     (Sodium  citrate.)  Pt. 

Tagebl.  51.  VersammL  deutach.  Naturf.  u.  Aerzte,  1878,  46;  Chem. 
CentrbL  1878,  786. 

1878:  21.  B.  C.  Bottgeb.  (Verhalten  des  Phosphors  zu  Metall- 
losungen.)    (Platinum  and  palladium  solutions.)  Pt>  Pd. 

Polyt.  NotizbL  33  (1878),  30;  Chem.  CentrbL  1878,  208. 

1878:  22.  M.  Bebthelot.  Sur  la  decomposition  des  hydracides  par  les 
m^tauz.  (Action  of  hydrochloric  acid  on  platinum  and  palladium.) 

R,Pd. 
C.  R.  87  (1878),  619;  Ann.  chim.  phya.  [5],  16  (1879),  433;  J.  de 
pharm.  28  (1878),  521;  Bui.  soc.  chim.  [2],  31  (1879),  302. 

1878:  23.  J.  Volhabd.  Die  Anwendung  des  Schwefelcyanammoniums 
in  die  Maassanalyse.  (Presence  of  palladium  in  estimation  of 
silver  injurious.)  Pd. 

Ann.  Chem.  (Liebig),  191  (1878),  1;  Monit.  scient.  20  (1878),  390; 
Chem.  News,  37  (1878),  77. 
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1878:  24.    P.  de  Clebmont  and  Fbomkel.    Sur  nne  nouvelle  m^thode 

de  separation  de  rarsenic  des  autres  m^tanz.     (Separation  from 

platinum  metals.)  Pt,  Pd,  Ir,  Kh,  Os,  Bn. 

C.  B.  86  (1878),  828;  C.  B.  Asaoc.  FranQ.  7  (1878),  459;  J.  de  phaim 

28  (1878),  176;  Bui.  boc.  chim.  [2],  29  (1878),  290;  Din^L  poL  J. 

229  (1878),  302;  Jsb.  Chem.  1878,  1051;  Gazz.  chim.  itaL  8  (187S), 

480. 

1878:  26.    Q.  Bboesikb.    UeberosminmsaTire  als  MikroakopiBchfixbe- 
mittel.  Os. 

Medic.  Centrbl.  16  (1878),  833;  Chem.  Centrbl.  1879,  7;  Ztsch.  anaL 
Chem.  18  (1879),  460. 

1878:  26.    Pellet  an.    A  method  of  preserving  the  rotation  infusoria^ 
etc.,  with  their  organs  extended  (with  osmic  acid).  Os. 

J.  Boy.  Micros.  Soc.  1  (1878),  189. 

1878:  27.    T.  L.  Bbunton  and  J.  Payber.    Note  on  the  effect  of  Tar- 
ions  substances  in  destroying  the  activity  of  cobra  poisoiL     (Ac- 
tion of  platinum  chlorid.)  Pt 
Proc.  Boy.  Soc.  London,  27  (1878),  465;  Jsb:  Chem.  1878,  1014. 

1878:  28.    A.  Pedleb.    On  cobira  poison.    (Antidotal  action  of  plati- 
num chlorid.)  Pt 
Proc.  Boy.  Soc.  London,  27  (1878),  17. 

1878:  29.    P.  Kopfer.    Das  Platin  als  SauerstofftLbertrager  bei  der 
Elementaranalyse  der  KohlenstoflEverbindungen.  Pt. 

Ztsch.  anal.  Chem.  17  (1878),  1;  BuL  soc.  chim.   [2],  32  (1879), 
108;  Jsb.  Chem.  1878, 1070. 

1878:  30.     F.    W.    Clabkb.     Some   specific   gravity   determinationsw 

(Potassium  chlorplatinite.)  Pc 

Amer.  J.  Sci.  [3],  16  (l878),  206;  Ber.  11  (1878),  1504;  Chem.  News, 

38  (1878),  214;  J.  Chem.  Soc.  36  (1879),  295,  1005;  Jsb.  ChenL 

1878,  26. 

1878:  31.    W.  Hittorp.    Eechtfertigung  des  Satzes:  *'  Electrolyte  sind 

Sake"  als  Erwiderung  auf  Dr.  L.  Bleekrode's  Kritik  [1876:  60]. 

(Verhalten   des   Natriumplatinchlorids,   p.   390;   Ueberosmium- 

saure,  p.  404.)  Os,  Pt 

Ann.  der  Phys.  (Pogg.)  [2],  4  (1878),  374;  Jsb.  1878, 149. 

1878:  32.    F.  Mobqes.     (Electrolysis  of  platinum  chlorid.)  Pt 

Gazz.  chim.  itaL  8  (1878),  479. 

1878:  33.  F.  A.  GoocH.  On  a  new  method  for  the  separation  and  subse- 
quent treatment  of  precipitates  in  chemical  analysis.  (Grooch 
crucible.)  Pt- 

Proc.  Amer.  Acad.  Sci.  13  (1878),  342;  Chem.  News,  37  (1878),  ISl; 
Amer.  Chem.  J.  1  (1879),  317;  Jsb.  Chem.  1878, 1039. 
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1878:  34.    T.  Gabside.    Mending  platinum  crucibles.  Pt. 

Chem.  News,  38  (1878),  65;  Chem.  Centrbl.  1878,  666;  Chem.  Ztg. 
2  (1878),  371;  DingL  pol.  J.  230  (1878),  461;  J.  Chem.  Soc.  34 
(1878),  1020. 

1878:  35.    .    Platinapparate  mit  gewelltem  Boden.  Pt. 

Chem.  Indust.  1  (1878),  194;  Dingl.  pol.  J.  230  (1878),  511. 

1878:  36.  F.  W.  Ka^lbfleisch.  Combinirte  Blei  nnd  Platinapparat 
znr  Concentration  von  Schwefelsaure.  (D.  R.  Pat.  1005,  Oct.  9, 
1877,  F.  W.  Kalbfleisch.)  Pt. 

Ber.  11  (1878),  999. 

1878:  39.    F.  Bode.    TJeber  Kalbfleisch's  neuen  Platinapparat.        Pt. 

DingL  poL  J.  228  (1878),  249. 

1878:  40.    A.  Scheureb-Kestneb.     Sur  la  dissolution  du  platine  dans 
Facide  sulfurique,  pendant  Toperation  industrielle  de  la  concen- 
tration. Pt. 
C.  K.  86  (1878),  1082^  BuL  soc.  chim.  [2],  30  (1878),  28;  J.  de  pharm. 
28  (1878),  170;  Chem.  CentrbL  1878,  442;  Chem.  News,  37  (1878), 
237;  J.  Chem.  Soc.  34  (1878),  650;  Jsb.  Chem.  1878,  309;  J.  Russ. 
Chem.  Soc.  10,  ii  (1878),  239. 

1878:  41.  J.  B.  Boussingault.  Sur  la  production,  la  constitution  et 
les  propri6t6s  des  aciers  chromes.     (Platinum  steel,  p.  98.) 

Ann.  chim.  phys.  [5],  15  (1878),  91.  Pt,  Pd,  Bh,  Ir,  Os. 

1878:  42.    M.  Bebthelot.     Sur  les  aflBnit^s  relatives  et  d^placements 
r6ciproques  de  I'oxygtee  et  des  616ments  halog^nes,  combines  avec 
les  corps  m6talliques.     (Combinations  of  platinum  and  palla- 
dium.) R,  Pd. 
C.  R.  86  (1878),  628;  Ann.  chim.  phys.  [5],  15  (1878),  185;  Chem. 
CentrbL  1878,  251;  Jsb.  Chem.  1878,  103,  112. 

1878:  43.    J.  Thomsen.     Thermochemische  Untersuchungen.     TJeber 

die  Constitution  der  wasserhaltigen  Salze.     (Chlorplatinates,  p. 

38  and  flf.)  Pt. 

J.  prakt.  Chem.  [2],  18  (1878),  1;  Chem.  CentrbL  1878,  793,  809; 

Jsb.  Chem.  1878,  88,  90. 

1878:  44.    J.  Violle.    Chaleur  sp^cifique  et  chaleur  de  fusion  du  palla- 
dium. 'Pd. 
C.  R.  87   (1878),  981;  BuL  soc.  chim.  [2],  31   (1879),  293;  Chem. 
CentrbL  1879,  98;  Jsb.  Chem.  1878,  72;  J.  Russ.  Chem.  Soc.  11,  ii 
(1879),  192. 

1878:  45.    B.  Sabine.    Motions  produced  by  dilute  acids  on  some  amal- 
gam surfaces.     (Platinum  amalgam.)  Pt. 
Rept.  Brit.  Assoc.  1878,  435;  PhiL  Mag.   [5],  6  (1878),  211;  Ann. 
der  Phys.  Beibl.  2  (1878),  613;  Jsb.  Chem.  1878,  154. 
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1878:  46.  J.  Coquillion.  Action  de  la  vapeur  d'ean  but  lea  hydrocar- 
bures  port*  k  la  temperature  rouge.  (In  presence  of  platinum 
and  palladium  wire.)  Pt,  P<L 

C.  B.  86  (1878),  1197;  87  (1878),  795;  BuL  80C.  chim.  [2],  33  (18S0). 
177:  Chem.  News,  38  (1878),  287;  Jsb.  Chem.  1878,  367;  Gazz. 
chim.  itaL  9  (1879),  273. 

1878:  47.    A.  Crova.    Sur  la  mesure  spectromitrique  des  hautes  tem- 
peratures.    (By  platinum  foil.)  Pt. 
C.  B.  87  (1878),  979;  Jsb.  Chem.  1878,  68. 

1878:  49.  J.  N.  Lockyeb.  Researches  in  spectrum  analysis  in  connec- 
tion with  the  spectrum  of  the  sun.     (Palladium  found  in  the  sun.  i 

Pd. 
Proc.  Boy.  Soc.  London,  27  (1878),  279;  C.  B.  86  (1878),  317;  Jsb. 
Chem.  1878,  185. 

1878:  50.    D.  Tommasi.     Suir  azione  della  cosi  della  forza  cataliticA 

spiegata  secondo  la  teoria  termodinamica.     (Action  of  platinnr^* 

sponge  on  gaseous  mixtures.)  Pt. 

Bendic.  Inst.  Lombard.  [2],  11  (1878),  128;  Monit.  sclent.  21  (1879). 

866;  Ber.  11  (1878),  811;  Chem.  CentrbL  1878,  433;  Jsb.  Chem. 

1878,  9. 

1878:  51.    D.  Tommasi.    Biduzione  del  cloruro.di  argento  e  del  cloruro 
ferrico.     (By  platinum.)  Pt 

Bendic.  Inst.  Lombard.  [2],  11  (1878),  281;  J.  de  phamou  29  (1879). 
291. 

1878:  52.    F.  Hoppe-Seyleb.    Ueber  Gahrungsprozesse.      (Action  of 
palladium-hydrogen  in  decay,  p.  21.)  Pd,  Pt. 

Ztsch.  physioL  Chem.  2  (1878),  1;  Jsb.  Chem.  1878,  1025. 

1878:  53.    J.  H.  Gladstone  and  A.  Tbibe.    Analogies  between  the 
action  of  the  copper-zinc  couple  and  of  occluded  and  nasceni 
hydrogen.     (Reducing  action  of  palladium-hydrogen.)         Pt,  Td, 
J.  Chem.  Soc  33  (1878),  306;  Jsb.  Chem.  1878, 191. 

1878:  54.    N".  Beketofp.    (Ermittelung  der  Warmecapacitat  des  Was- 

serstoffs  in  seiner  Legirung  mit  Palladium.)  Pii. 

J.  Buss.  Chem.  Soc.  11,  i  (1878),  4;  Ber.  12  (1879),  686;  Bo],  soc. 

chim.  [2],  31  (1879),  197;  Chem.  CentrbL  1879,  242;  Jsb,  Chem. 

1879,  91;  J.  Chem.  Soc.  36  (1879),  590. 

1878:  55.    H.  F.  Moblby.    On  Grove's  gas  battery.     (Use  of  platinum 

plates.)  Pi. 

PhiL  Mag.  [5],  5  (1878),  272;  Proc.  Phys.  Soc.  London,  2  (lgr9), 

212;  Ann.  der  Phys.  BeibL  2  (1878),  266;  Chem.  News,  37  (1873). 

78;  Jsb.  Chem.  1878,  140. 
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1878:  56.  G.  Gobe.  On  the  thermo-electric  properiies  of  liquids. 
(With  platinum  and  palladium  plates.)  Pt,  Pd. 

Proc.  Boy.  Soc.  London,  27  (1878),  513;  Ann.  der  Phys.  Beibl.  2 
(1878),  617;  Jsb.  Chem.  1878,  135. 

1878:  57.  W,  Beetz.  Ueber  die  Electricitatserregung  beim  Contact 
fester  und  gasformiger  Korper.  (Contact  of  gases  with  platinum 
and  palladium.)  Pt,  Pd. 

Sitzber.  Akad.  Miinchen,  8  (1878),  140;  Ann.  der  Phys.  (Pogg.) 
[2],  5  (1878),  1;  PhU.  Mag.  [5],  7  (1879),  1;  Jsb.  Chem.  1878,  138. 

1878:  58.  F.  Exner.  Ueber  die  galvanische  Polarisation  des  Platins 
in  Wasser.  Pt. 

Sitzber.  Akad.  Wien,  77,  ii  (1878),  231;  Anzeig.  Akad.  Wien,  15 
(1878),  46;  Ann.  der  Phys.  (Pogg.),  [2],  7  (1878),  388;  Chem. 
CentrbL  1878,  337;  Jsb.  Chem.  1878,  140;  PhiL  Mag.  [5],  5  (1878), 
400;  J.  Chem.  Soc.  36  (1879),  578. 

1878:  59.  H.  Hebwig.  Ueber  die  zur  voUen  Ladung  einen  condensa- 
torischen  Platinwasserzelle  erforderiich  Electricitatsmenge  und 
liber  die  Distanz  der  Molecule  im  fliissigen  Wasser.  Pt. 

Ann.  der  Phys.  (Pogg.),  [2],  4  (1878),  465;  J.  Chem.  Soc.  36  (1879), 
194. 

1878:  60.  F.  Rossetti.  Indagini  sperimentali  sulla  temperatura  del 
sole.  (Pouvoir  6missif  du  platine.  Ann.  chim.  phys.,  17  :  199, 
202.)  R. 

Mem.  Accad.  Lincei.  Boma.  2  (1878),  169;  Ann.  chim.  phys.  [5], 
17  (1879),  177;  Nuovo  Cimento,  3  (1878),  238;  Spectrosc.  ital. 
mem.  7  (1878),  22;  Meteor.  Ztsch.  13  (1878),  420. 

1878:  61.  C.  Winkler.  Platinizing  porous  substances.  (Germ.  Pat. 
4666,  Sept.  21, 1878.)  Pt. 

J.  Amer.  Chem.  Soc.  1  (1879),  300. 

1879:  1.  0.  LuTHY.  Platinlager  in  den  Vereinigten  Staaten.  (In 
California.)  Pt. 

Chem.  Ztg.  3  (1879),  559;  Dingl.  pol.  J.  240  (1881),  213. 

1879:  2.    P.  V.  Jeremejew.     (Platin  sand.)  Pt,Ir. 

Ztsch.  Kryst.  3  (1879),  436;  Jsb.  Chem.  1879,  1180. 

1879:  3.  A.  Guyard  (H.  Tamm).  De  Touralium — ^un  nouveau  m6tal  de 
la  famille  du  platine.  TJr. 

Monit,  scient.  [3],  9  (1879),  795;  Jsb.  Chem.  1879,  309;  Chem.  News, 
40  (1879),  57;  J.  Frank.  Inst.  [3],  79  (1880),  63;  Bui.  soc.  chim, 
[2],  32  (1879),  3. 
12 
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1879:  4.  G.  Matthby.  The  preparation  in  a  state  of  purity  of  the 
group  of  metals  known  as  the  platinum  series,  and  notes  upon  the 
manufacture  of  iridio-platinum.  Pt,  Pd,  Ir,  Rh,  Os,  Ril 

Proc.  Boy.  Soc.  London,  28  (1879),  463;  Chem.  News,  39  (1679). 
175,  J.  Cbem«  Soc.  36  (1879),  772;  Jsb.  Chem.  1879,  1100. 

1879:  6.    E.  J.  Jungflbisch.    Proc6d6  de  preparation  d'iridium.      Ir. 
Bui.  soc.  chim.  [2],  31  (1879),  50. 

1879:  6.  E.  H.  Sainte-Claire  Deyille  and  J.  H.  Dbbray.  Sur  la 
laurite  et  de  platine  f  errif 6re  artifieiels.  Pt,  Hiu 

C.  B.  89  (1879),  587;  Ber.  12  (1879),  2269;  Chem.  CentrbL  1879,  729; 
Chem.  News,  40  (1879),  203;  DingL  pol.  J.  236  (1880),  86:  J. 
Chem.  Soc.  38  (1880),  222;  Jahrb.  Min.  1880,  Bef.  178;  Jsb.  Chem. 
1879,  1184;  Ztsch.  Eryst.  4  (1881),  420. 

1879:  7.  L.  Pitkin.  On  the  formation  of  compound  platinates  and  t 
new  platino-potassium  salt.    (Chlorohromoplatinate.)  ?:. 

School  of  Mines  (N.  Y.)  Quart.  1  (1880),  64;  J.  Amer.  Chem.  Soc. 
1  (1879),  472;  Chem.  News,  41  (1880),  118;  Ber.  13  (1880),  S'ls 
Chem.  CentrbL  1880,  277;  J.  Chem.  Soc.  38  (1880),  706;  Jsb. 
Chem.  1880,  362. 

1879:  8.    E.  Dbbchsel.    Ueber  Hamstoflfpalladiumchloriir.  Pi 

J.  prakt.  Chem.  [2],  20  (1879),  469;  BuL  soc.  chim.  [2],  34  (16S«^), 
96;  Chem.  CentrbL  1880,  23;  J.  Chem.  Soc.  38  (1880),  161;  Jsb. 
Chem.  1879,  342. 

1879:  9.  W.  Heintz.  Platinchloridverbindung  des  salzsatiren  Harn- 
stoflfs.  Pt 

Ann.  Chem.  (Liebig),  198  (1879),  91. 

1879:  10.  S.  M.  Jorqensen.  Beitrage  zur  Chemie  der  Chromaimno- 
niakverbindungen.     (Chloroplatinates.)  Pt, 

J.  prakt.  Chem.  [2],  20  (1879),  105;  from  Festschrift  beim  400 
jahresfeste  der  Universitat  Eopenhagen,  Juni  1879;  Bull,  soc 
chim.  [2],  33  (1880),  199. 

1879:  11.  K.  BiRNBAUM.  Ueber  ein  neues  Salz  einer  Iridiumbase. 
(Sulfit  des  Iridammoniums.)  Ir. 

Ber.  12  (1879),  1544;  BuL  soc.  chim.  [2],  34  (1880),  158;  Chem. 
CentrbL  1879,  659;  Chem.  News,  40  (1879),  300;  J.  Chem.  Soc. 
38  (1880),  13;  Jsb.  Chem.  1879,  308. 

1879:  12.  P.  Gboth  and  L.  F.  Nilson.  Ueber  Platojodonitrite:  kij- 
stallographisehe  und  chemische  Untersuchung.  Pt. 

Nova  Acta.  Soc.  Sci.  Upsala  [3],  10  (1879),  No.  16. 
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1879:  13.  L.  L.  db  Koninck.  TJeber  die  Angreifbarkeit  des  Platins 
durch  Bchmelzende  kohlensaure  Alkalien.  Pt. 

Ztsch.  anal.  Chem.  18  (1879),  569;  Ber.  12  (1879),  2257;  Chem. 
Centrbl.  1879,  819;  Chem.  News,  41  (1880),  25;  Chem.  Ztg.  3 
(1879),  770;  Bingl.  pol.  J.  235  (1880),  88;  J.  Chem.  Soc.  38  (1880), 
581;  Jsb.  Chem.  1879,  1042;  J.  Buss.  .Chem.  Soc.  12,  ii  (1880),  97; 
Chem.  tech.  Mitth.  (Blsner),  29  (1879-80),  5;  30  (1880-81),  218. 

1879:  14.    T.  A.  Edison.    Action  of  aqna  regia  on  platinum.  Pt. 

Sclent.  Amer.  41  (1879),  216;  Chem.  Ztg.  3  (1879),  650. 

1879:  15.  E.  Drechsbl.  Elektrolytische  Versnche.  (Platinelektroden 
anf  AmmoniiunBalze.)  Pt. 

J.  prakt.  Chem.  [2],  20  (1879),  378;  Ber.  12  (1879),  2181;  Chem. 
Centrbl.  1879,  753;  J.  Chem.  Soc.  38  (1880),  300. 

1879:  16.  A.  Yolta.  Uozono  sopra  alcnni  metalli  nobili.  (Platinum^ 
p.  626;  palladium,  527.)  R,  Pd. 

Gazz.  chlm.  Ital.  9  (1879),  521;  Ber.  13  (1880),  203;  J.  Chem.  Soc. 
3B  (1880),  205;  Jsb.  Chem.  1879,  192. 

1879:  17.    B.  Beinitzeb.     (Vemnreinigungen  des  Platinchlorids.)    Pt. 
Ber.  OBter.  chem.  GeselL  1879,  16;  Dlngl.  poL  J.  234  (1879),  432. 

1879:  18.  F.  Seelheih.  TJeber  die  Fliichtigkeit  des  Platins  in 
Chlorgas.  Pt. 

Ber.  12  (1879),  2066;  J.  Amer.  Chem.  Soc.  1  (1879),  479;  Bui.  soc. 
chlm.  [2],  34  (1880),  351;  Chem.  Centrbl.  1879,  818;  Chem.  News, 
40  (1879),  241;  41  (1880),  81;  J.  Chem.  .Soc.  38  (1880),  94;  Amer. 
J.  Scl.  [3],  19  (1880),  65;  Jsb.  Chem.  1879,  51,  306;  Chem.  Ztg.  3 
(1879),  702. 

1879:  19.  V.  Meyeb.  Antwort  anf  Herm  P.  Seelheim^B  Kritik  meiner 
Versnche  liber  das  Chlor.  Pt. 

Ber.  12  (1879),  2202;  J.  Amer.  Chem.  Soc.  1  (1879),  481;  Chem. 
Centrbl.  1880,  5;  Jsb.  Chem.  1879,  51;  Chem.  Ztg.  3  (1879),  769. 

1879:  20.  W.  Smith.  Behavionr  of  chlorine  at  a  high  temperature^  or 
results  of  Victor  Meyer's  recent  research.  (Platinum  ehlorids  as 
a  source  of  pure  chlorin  for  vapor  density  determination.)  Pt. 

Chem.  News,  40  (1879),  49,  69, 155,  225;  Jsb.  Chem.  1879,  51. 

1879:  21.  F.  P.  Dunninqton.  Dissociation  of  chlorine.  (Platinum 
ehlorids  as  a  source  of  chlorin.)  Pt. 

Chem.  News,  40  (1879),  141,  213. 

1879:  22.    H.  Pbecht.    Die  Bestimmung  des  Ealiums  als  Ealium- 

platinchlorid.  Pt. 

Ztsch.  anal.  Chem.  18  (1879),  509;  Dingl.  pol.  J.  235  (1880),  133; 

Ber.  12  (1879),  2255;  J.  Chem.  Soc.  38  (1880),  577;  Jsb.  Chem. 

1879,  1043;  1880,  1173. 
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1879:  23.    W.  F.  Gintl,  (Presence  of  auric  chlorid  in  platiniim  chlorid.) 

PL 
Ber.  oeatr.  Oeeel.  F5id.  Ghem.  Ind.  1,  17;  Chem.  GentrbL  1880, 
449;  Chem.  News,  43  (1881),  25;  44  (1881),  47;  Chem.  Ztg.  3 
(1879),  663. 

1879:  24.  N.  W.  PbbbTi  Improved  method  for  making  plaidnum-alloj 
assajB.  Pt,Ir,08,Pd,Eh,HiL 

Chem.  News,  39  (1879),  89;  Eng.  and  Mining  J.  (N.  T.)>  27  (1879), 
29;  Berg  nnd  Hutten  Ztg.  38  (1879),  372;  DingL  poL  J.  240 
(1881),  217;  Ztsch.  anal.  Chem.  19  (1880),  83;  J.  Chem.  Soc  36 
(1879),  555;  Jsb.  Chem.  1880,  1196;  Chem.  tech.  MitUi.  (Eisner), 
28  (1878-79),  35. 

1879:  25.  W.  Hbufbl.  Ueber  die  Orenze  der  Nachweisborkeit  des 
Kohlenoxydgases.     (Mittelst  Natriumpalladinmchlorur.)  Pi 

ZtBch.  anal.  Chem.  18  (1879),  399. 

1879:  26.  W.  Hbmpbl.  Ueber  die  gasanalytische  Bestimmung  des 
Wasserstoff  dnrch  Absorption.    (Mittelst  Palladium.)  Pd. 

Ber.  12  (1879),  636;  Jsb.  Chem.  1879,  1025. 

1879:  27.  W.  Hbmpbl.  Die  fractionirte  Verbrennung  von  Wasserstoff 
mid  Sauerstoff.    (Mittelst  Palladium.)  Fd 

Ber.  12  (1879),  1006;  Jsb.  Chem.  1879,  27, 1025. 

1879:  28.  P.  db  Clbbmont.  De  Taction  des  sels  ammoniacaux  snr 
quelquee  sulfnres  m^talliques  et  de  ^application  des  faits  obserres 
k  Tanalyse.    (No  action  of  platinum  sulfids.)  Ft. 

C.  B.  88  (1879),  972;  Bui.  soc.  chim.  [2],  31  (1870),  483;  Ber.  12 
(1879),  2092;  C.  B.  Assoc.  Frang.  8  (1879),  446. 

1879:  29.  P.  db  Clbbmont  and  Fbommbl.  De  Faction  de  Teau  sur  les 
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Ann.  chim.  phys.  [5],  18  (1879),  189;  Jsb.  Chem.  1879,  181. 

1879:  30.    H.  TopsOe.    Biystallografiske  TJndersogelser  over  en  Baekke 

Dobbelt-Platonitrite.  Ft 

Orersigt.  Danske  Sels.  F5rh.  KjobenhaTn,  1879,  1;  Ber.  12  (1879), 

1730;  Ztsch.  Kryst.  4  (1880),  469;  Jsb.  Chem.  1870,  307;  1880,  363. 

1879:  31.    E.  Lommbl.    TJeber  die  dichroitische  Fluorescenz  des  Mag- 

nesiumplatincyaniirs.  Ft. 

Ann.  der  Phys.  (Fogg.)   [2],  8  (1879),  634;  Sitzber.  Phys.  Med. 

Soc.  Erlangen,  12  (1880),  27;  Bepert.  Exp.  Phys.  16  (1880),  714. 

1879:  32.    T.  J.  Pabkbb.    On  some  applications  of  osmic  acid  to  micro- 
scopic purposes.  Os. 
J.  Boy.  Micros.  Soc.  2  (1879),  381;  Joum.  of  Sci.  (Crooke's?)  [3], 
1  (1879),  704. 
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1879:  33.  B.  Altmann.  TJeber  die  Verwertiibarkeit  der  Corrosion  in 
der  mikroskopischen  Anatomie.    (TJee  of  osmic  acid.)  Ob. 

ArchlT  f.  mikroB.  Anat.  16  (1879),  471;  J.  Boy.  MioroB.  Soc.  2 
(1879),  610;  Jounu  of  ScL  [3],  1  (1879),  704. 

1879:  34.  E.  H.  Saintb-Claibe  Dbyillb  and  E.  Masoabt.  Snr  la 
construction  de  la  r^gle  g^od^qne  intemationale.  (Analysis  and 
properties  of  the  standard.)  Ft,  Ir^  Hh,  Bu. 

Ann.  Ecole  Normale,  Paris,  8  (1879),  9;  Ann.  chim.  phys.  [6],  16 
(1879),  506;  C.  B.  88  (1879),  210;  DingL  poL  J.  232  (1879),  647. 

1879:  35.  Yan  Allen.  [Letter  describing  John  Holland's  process  of 
drilling  holes  in  osmiridimn.]  Ir^  Os. 

J.  Frank.  Inst.  [3],  78  (1879),  72. 

1879:  36.  D.  Clebk  and  C.  A.  Fawsitt.  Coating  iron  and  steel  with 
platinnm.     (Engl.  Pat.  1182,  Mar.  25,  1879.)  Pt. 

J.  Amer.  Chem.  Soc.  2  (1880),  141;  Ber.  13  (1880),  585. 

1879:  37.  J.  B.  A.  Dode.  Coating  metals  with  platinnm.  (Amer.  Pat. 
219807.)  Pt. 

J.  Amer.  Chem.  Soc  1  (1879),  407. 

1879:  38.  A.  P.  0.  Daumesnil.  Metalle  mit  schntzenden  IJeberzug  zu 
yersehen.  (Germ.  Pat.  Elasse  48,  No.  10059,  Oct.  18,  1879.) 
(Plating  with  platinnm.)  Pt. 

DingL  poL  J.  237  (1880),  302;  Chem.  Indust.  3  (1880),  279;  Chem. 
Ztg.  4  (1880),  522;  Jsb.  Chem.  1880, 1249. 

1879:  39.    L.  M.  Stoffbl.    (Plating  with  platinnm.)  Pt. 

Monit.  sdent.  [3],  9  (1879),  1099. 

1879:  40.  O.  Janecek.  (No  platinum  in  so  called  platina  amalgams  in 
dentistry.)  Pt. 

Chem.  Indust.  2  (1879),  249;  DingL  poL  J.  ^0  (1881),  216;  Chem. 
tech.  Mitth.  (Eisner),  28  (1878-79),  193. 

1879:  41.    KoKiNOK.    (Platineisen  Bilder  in  Photographic.)  Pt. 

Phot.  Mitth.  16  (1879),  73;  Chem.  CentrbL  1879,  537. 

1879:  42.    .    Platindmckverfahren.  R. 

Photog.  Archiv,  No.  385;  Chem.  tech.  Mitth.  (Eisner),  28  (1878- 
79),  235. 

1879:  43.    J.  Violle.    Chaleurs  spicifiques  et  points  de  fusion  de  divers 

m^tanz  r^fractaires.    (Melting  point  of  palladium,  platinnm  and 

iridium  and  specific  heat  of  iridium.)  •  Pd,  Pt,  Ir. 

C.  B.  89  (1879),  702;  Bui.  boo.  chim.  [2],  35  (1881),  434;  DingL  poL 

J.  235  (1880),  468;  Phil.  Mag.   [5],  8   (1879),  501;  Ztsch.  anaL 

Chem.  19  (1880),  203;  Jsb.  Chem.  1879,  92;  J.  Buss.  Chem.  Soc. 

12,  ii  (1880),  142. 
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1879:  44.    J.  Yiollb.    Sur  la  radiation  du  platine  incandeKsent.      Pt 
C.  R.  88  (1879),  171;  Chem.  News,  39  (1879),  83;  J.  Chem.  8oc  36 
(1879),  573. 

1879:  45.    T.  A.  Edison.    On  the  phenomena  of  heating  metals  in 

vacuo  by  means  of  an  electric  current.    (Platinum  shows  green 

flame  and  loss  of  weight.)  Pt,  Ir. 

Proc.  Amer.  Assoc.  1879,  173;  Chem.  News,  40  (1879),   15£;  Jsb. 

Chem.  1879,  1090. 

1879:  46.  G.  D.  Liveing  and  J.  Dewar.  On  the  reversal  of  the  lines 
of  metallic  vapours.  (Platinum  and  palladium  give  no  reveis^ 
p.  406.)  Pt,Pd. 

Proc.  Roy.  Soc.  London,  29  (1879),  402. 

1879:  47.    A.  GouY.    Becherches  photom6trique8  sur  les  flanunes  col- 
or^es.     (Spectra  of  flames  charged  with  vapors  of  osmiiun,  plati- 
num, palladium  and  iridium,  p.  100.)  Os,  Pt,  Pd,  Ir. 
Ann.  chim.  phys.  [5],  18  (1879),  1. 

1879:  48.  E.  L.  Nichols.  On  the  character  and  intensity  of  the  rays 
emitted  by  glowing  platinum.  Pl 

Amer.  J.  Sci.  [3],  18  (1879),  446;  Jsb.  Chem.  1879, 157. 

1879:  49.    J.  H.  Gladstone  and  A.  Tbibb.    Investigations  into  the 

action  of  substances  in  the  nascent  and  occluded   conditions. 

(Preparation  of  pure  platinum,  p.  176;  occluded  hydrogen  on 

palladium,  177;  platinum,  178.)  Pt,Pd. 

J.  Chem.  Soc.  35  (1879),  172;  Ber.  12  (1879),  389. 

1879:  60.  F.  Hoppe-Sbyleb.  Erregung  des  Sauerstofe  durch  nasci- 
renden  Wasserstoflf.  (Keducirende  Wirkung  des  Palladiximwa»- 
serstoflfs.)  Pd. 

Ber.  12  (1879),  1551;  Jsb.  Chem.  1879, 189. 

1879:  51.    K.  R.  Koch.    TJeber  die  Veranderung,  welche  die  Oberflache 

des  Platins  und  des  Palladiums  durch  die  Sauerstoffpolarisation 

erf ahrt.  Pt,  Pd. 

Ann.  der  Phys.  (Pogg.)  [2],  8  (1879),  92;  J.  Chem.  Soc.  36  (1879), 

1005. 

1879:  62.  G.  Gobe.  Chemico-electric  relations  of  metals  in  solutions 
of  salts  of  potassium.     (Full  investigation.)  Pt,  Rh,  Ir,  Pd. 

Proc.  Boy.  Soc.  London,  30  (1879),  38;  Jsb.  Chem.  1880,  155. 

1879:  53.  B.  C*  Bottgeb.  (Ladungsphanomena  des  Palladiums  und 
des  Platins  mit  SauerstoflE  und  Wasserstoff.)  Pd,  Pi. 

Polyt.  Notizbl.  34  (1879),  39;  Chem.  Centrbl.  1879,  241. 
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1879:  54.    J.   H.    Gladstone   and   A.    Tribe.    On   dry   cgpper-zinc 
couples  and  analogous  agents.     (Zinc-platinum  and  zinc-palla- 
dium, p.  675;  magnesium  platinum,  576.)  Pd,  Pt. 
J.  Chem.  Boc.  35  (1870),  567. 

1879:  55.    L.  Schwendlbr.     On  a  new  standard  of  light.     (Glowing 

platinum.)  Pt. 

J.  Asiatic  Soc.  Bengal,  48,  ii  (1879),  83;  Dingl.  pol.  J.  235  (1880), 

271;  PhiL  Mag.  8  (1870),  302;  Nature,  21  (1880),  158;  Jsb.  Chem. 

1880, 1361;  Chem.  Ztg.  4  (1880),  100;  Sclent.  Amer.  41  (1870),  216; 

Chem.  Ztg.  3  (1870),  650. 

1880:  1.    A.  KOPPEN.     (Discovery  [and  history?]  of  platinum  in  Rus- 
sia.) Pt. 
Bussische  Revue,  0    (1880),  460;  referred  to  Dingl.  pol.  J.  255 
(1885),  480. 

1880:  2.    J.  S.  Newberry.    The  origin  and  classification  of  ore  de- 
posits.    (Platinum  deposits,  p.  38.)  Pt. 
School  of  Mines  (N.  Y.)  Quart.  1  (1880),  87. 

1880:  2a.  G.  F.  Becker.  Atomic  Weight  Determinations:  a  digest  of 
the  investigations  published  since  1814.  1880.  Smithsonian 
Miscellaneous  Collections^  xzvii;  Constants  of  Nature.  Part  4. 
(Platinum,  p.  98;  palladium,  p.  95;  iridium,  p.  64;  rhodium,  p. 
101;  osmium,  p.  94;  ruthenium,  p.  103.)       Pt,  Pd,  Ir,  Bh,  Os,  Bu. 

1880:  3.  T.  Wilm.  (Beitrage  zur  Clhemie  der  Platinmetalle.)  (Prepa- 
ration of  platinimi  metals,  especially  palladium.)  Pt,  Pd,  Ir. 
J.  Rubs.  Chem.  Soc.  12,  i  (1880),  81,  327;  Ber.  13  (1880),  1198;  Bui. 
Chem.  Soc.  [2],  34  (1880),  679;  35  (1881),  66;  Chem.  Centrbl. 
1880,  546;  1881,  37;  Chem.  News,  43  (1881),  292;  Dingl.  pol.  J. 
237  (1880),  332;  J.  Chem.  Soc.  38  (1880),  854;  40  (1881),  226;  Jsb. 
Chem.  1880,  365,  1196;  Monit.  sclent.  23  (1881),  799;  Chem.  Ztg. 
4  (1880),  473. 

1880:  4.  G.  Pbaetorkib-Seidleb.  Zur  Kenntniss  des  Cyanamids. 
(Platindoppelsalze  des  Sulfohamstoflfs,  p.  142.)  Pt. 

J.  prakt.  Chem.  [2],  21  (1880),  129. 

1880:  6.    V.  Meyek  and  J.  Ztjblin.    Ueber  Platinbromid.  Pt. 

Ber.  13   (1880),  404;  Chem.  Centrbl.  1880,  261;  Chem.  News,  42 
(1880),  120;  J.  Chem.  Soc.  38  (1880),  445;  Jsb.  Chem.  1880,  362. 

1880:  6.    B.  Engel.     Sut  un  hypophosphite   platineux.     (Action  of 

phosphin  on  platinum  tetrachlorid.)  Pt. 

C.  B.  91   (1880),  1068;  Bui.  soc.  chim.   [2],  35   (1881),  100;  Chem. 

Centrbl.  1881,  68;  Jsb.  Chem.  1880,  361;  J.  Buss.  Chem.  Soc.  13, 

ii  (1881),  247;  Chem.  Ztg.  5  (1881),  61;  J.  Chem.  Soc.  40  (1881), 

226;  Chem.  News,  43  (1881),  234. 
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1880:  7.    F.  Isambebt.     Sur  les  combinaisons  du  gaz  ammoniac  arec  le 

chlomre  et  Fiodure  du  palladium.  Pd. 

C.  R.  91  (1880),  768;  Ber.  13  (1880),  2409;  Chem.  CentrbL  1880.  806: 

Chem.  News,  42  (1880),  294;  Jsb.  Chem.  1880,  366;  J.  Buss.  Chem. 

Soc.  13,  11  (1881),  278. 

1880:  8.     0.  T.  Christensbn.    Bidrag  til  Chromammoniakforbindel- 

semes  Kemi.     (Chloroplatinates  of  chromium  bases.)  Pt. 

Overslgrt.  Dansk.   Vld.   Sels.   Kjobenhavn,   1880,    1;    1881,   85;  J. 

prakt.  Chem.  [2],  23  (1881),  26,  54;  24  (1881),  74;  Bui.  soc  chim. 

[2],  36  (1881),  313,  316;  Jsb.  Chem.  1881,  237. 

1880:  9.     G.  N.  Wyrouboff.    Remarques  sur  le  sulfocyanate  de  platine 
de  M.  V.  Marcano.     [Cf.  1868:  5.]  Pr. 

Bui.  soc.  chlm.  [2],  33  (1880),  402;  Chem.  Centrbl.  1880,  449;  J. 
Chem.  Soc.  38  (1880),  618. 

1880:  10.    V.  Maroano.    Sulfocyanate  de  platine.  Pt. 

Bui.  soc.  chlm.  [2],  33  (1880),  250,  402;  Ber.  13  (1880),  925;  Chem. 
Centrbl.  1880,  277;  J.  Amer.  Chem.  Soc.  2  (1880),  363,  430;  Jsh. 
Chem.  1880,  403. 

1880:  11.    R.  ScHOLTZ.    Ueber  einige  Platincyandoppelverbindungen. 

(With  measurements  of  crystals.)  Pt. 

Sitzber.   Akad.   Wlen,    82,   11    (1880),    1233;   Ber.    14    (1881),   514; 

Monatsh.  f.  Chem.  1  (1880),  900;  Jsb.  Chem.  1881,  320;  J.  Chen;. 

Soc.  40  (1881),  707;  Chem.  Ztg.  5  (1881),  60. 

1880:  12.    A.   Richard  and   A.   Bertrand.    Sut   le   platinocyannr^* 
double  de  magnesium  et  de  potassium.  Pt. 

Bui.  soc.  chlm.  [2],  34  (1880),  630;  Ber.  14  (1881),  108;  Chem. 
CentrbL  1881,  38;  Jsb.  Chem.  1880,  364. 

1880:  13.    P.  T.  Clbve.     Om  erbinjorden.     (Erbium  chloroplatinate.) 

Pt. 
Oefversigt.  Akad.  Forh.  Stockholm,  37  (1880),  No.  7,  3;  C.  R.  91 
(1880),  381;  Jsb.  Chem.  1880,  305. 

1880:  14.    W.  Spring.    Becherches  sur  la  propriete  que  possedent  k- 

corps  de  se  souder  sous  Paction  de  la  pression.     (Platinum,  Ann. 

chim.  phys.,  p.  187.)  Pt. 

Bull.  Acad.  Bnixelles,  49  (1880),  323;  Rev.  Univ.  des  Mines  [2],  S 

(1880),  470;  Ann.  chlm.  phys.  [5],  22  (1881),  170. 

1880:  15.    A.  Ditte.     Action  de  Facide  chlorhydrique  sur  les  chlorurt- 
metalliques.     (On  platinum  tetrachlorid.)  Pt. 

C.  R.  91  (1880),  986;  Ann.  chim.  phys.  [5],  22  (1881),  551;  Chem. 
Centrbl.  1881,  36;  Jsb.  Chem.  1881,  154. 

1880:  16.    V.  Meyer.    Einige  Versuche  uber  die  Dampfdichten  der 

Alkalimetalle.     (Action  of  potassium  and  sodium  on  platinum  J 

Ber.  13  (1880),  391.  Pt. 
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1880:  17.  J.  M.  Edeb.  TJeber  die  hervorragenden  reducirenden 
Eigenschaften  des  Kallumf errooxalates  und  einige  durch  dasselbe 
hervorgerufene  Beactionen.    (Beduction  of  chlorid  of  platinum.) 

Pt. 
Sitzber.  Akad.  Wien,  81,  U  (1880),  196;  Ber.  13  (1880),  500;  Ghem. 
InduBt.  3  (1880),  142;  Jsb.  Chem.  1880,  770;  Monatah.  f.  Chem. 
1  (1880),  137;  Ztsch.  anaL  Chem.  21  (1882),  107. 

1880:  18.    T.  L.  Phipson.    On  the  reduction  of  auric  chloride  by  hydro- 
gen in  presence  of  platinum.    (Hydrogen  condensed  on  platinum.) 
Chem.  News,  41  (1880),  13;  Jsb.  Chem.  1880,  361.  Pt. 

1880:  19.    D.  Tommasi.    On  the  reduction  of  chloride  of  gold  by  hydro- 
gen in  the  presence  of  platinum.     (Hydrogen  condensed  on  plati- 
num.) '  Pt. 
Chem.  News,  41  (1880),  116;  Jsb.  Chem.  1880,  361. 

1880:  20.    H.  Goldschmidt.    Die  Yalenz  dee  Phosphors.    (Note  on  ac- 
tion of  platinum  on  phosphorus  pentachlorid.)  Pt. 
Jsb.  Lese*  u.  Bedehalle  d.  deutsch.  Stud.  Prag,  1880-81;  Chem. 
Centrbl.  1881,  489;  Jsb.  Chem.  1881, 188. 

1880:  21.    A.  Cebtes.    Sur  ^analyse  micrographique  des  eaux.     (Os- 
mium tetroxid  in  water  analysis.)  Os. 
C.  B.  90  (1880),  1435;  Jsb.  Chem.  1880, 1144. 

1880:  22.  C.  Vincent.  Note  sur  les  reactions  produites  par  la  dim6- 
thylamine  aqueuse  sur  les  dissolutions  m^talliques.  (On  platinum 
and  palladium  Evolutions.)  Pt,  Pd. 

Bui.  soc.  chim.  [2],  33  (1880),  156;  Chem.  CentrbL  1880,  278;  Ztsch. 
anal.  Chem.  19  (1880),  480. 

1880:  23.  T.  T.  Mobbell.  Estimation  of  small  quantities  of  potash 
with  platinic  chloride.  Pt. 

J.  Amer.  Chem.  Soc.  2  (1880),  145;  Ber.  13  (1880),  1886;  Chem. 
Ztg.  4  (1880),  509;  Jsb.  Chem.  1880,  1173;  DingL  pol.  J.  241 
(1881),  140. 

1880:  24.  J.  von  Fodob.  (Palladium  chlorid  as  reagent  for  carbon 
monoxid.)  Pd. 

Deutsch.  Vierteljsch.  off.  Gesundhpflege.  12  (1880),  377;  Ztsch. 
anal.  Chem.  22  (1883),  81;  Jsb.  Chem.  1883,  1555. 

1880:  25.  H.  von  Juptner.  Die  Trennung  des  Goldes  mittelst  Cad- 
mium.   (From  the  platinum  metals.)  Pt,  Pd,  Ir,  Rh,  Os,  Eu. 

Oester.  Ztsch.  Bergwesens,  28  (1880),  182;  Chem.  Ztg.  4  (1880), 
276;  Jsb.  Chem.  1880,  1196. 
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1880:  26.     C.    Luckow.     Ueber    die    Anwendung    des    elektnschen 

Stromes  in  der  analytischen  Chemie.     (Electrolytic  determiiuitioii 

of  platinum,  p.  13.)  Pt. 

Ztsch.  anaL  Chem.  19  (1880),  1;  Chem.  News,  41  (1880),  213;  VingL 

poL  J.  239  (1881),  307;  Jab.  Chem.  1880, 1140. 

1880:  27.    L.  Schucht.    Zur  Elektrolyse.    (Electrolytic  determination 

of  palladium.)  Pi 

Berg  und  Hiitten  Ztg.  39  (1880),  121;  Chem.  News,  41  (1880),  280; 

Chem.  Centrbl.  1880,  374;  Chem.  Ztg.  4  (1880),  293;  Jab.  Chem. 

1880,  174,  1143. 

1880:  28.  J.  H.  Debbat.  Action  des  acides  sur  les  alliages  du  rho- 
dium avec  le  plomb  et  le  zinc.  (Also  lead  alloys  with  the  other 
platinum  metals.)  Rh,  Pt,  Pd,  Ir,  Os,  Bn. 

C.  R.  90  (1880),  1195;  Chem.  CentrbL  1880,  433;  Chem.  News.  41 
(1880),  295;  J.  Chem.  Soc.  38  (1880),  706;  Jsb.  Chem.  1880,  36?: 
J.  Buss.  Chem.  Soc.  12, 11  (1880),  377. 

1880:  29.    A.  D.  van  Eibmsdijk.    Le  ph6nomtoe  de  l'6clair  dans  le? 

essais  d^or  et  Tinfluence  ezerc^e  sur  ce  ph^nom^ne  par  les  m^taui 

du  groupe  du  platine.  Pt,  Pd,  Ir,  Os,  Bo. 

Archlv.  N^erland.  15  (1880),  185;  Ann.  chlm.  phya.  [5],  20  {UK^K 

66;  Chem.  News,  41  (1880),  126,  266;  Ber.  13  (1880),  936;  Berg 

nnd  Hiitten  Ztg.  39  (1880),  247,  275. 

1880:  30.  E.  Wiedemann.  Ueber  das  durch  electrische  Entladungen 
erzeugte  Phosphorescenzlicht.  (Electrischer  Dichroismns  des 
Platincyanbariums.)  Pt 

Ann.  der  Phys.  (Pogg.)  [2],  9  (1880),  157;  Jsb.  Chem.  1880,  186. 

1880:  31.    E.  Lommel.    Ueber  die  Erscheinungen,  welche  eine  senk- 

recht  zur  optischen  Axe  geschnittene  Platte  von  Magnesimnplatin- 

cyaniir  im  polarisirten  Licht  zeigt.  Pt. 

Sltzber.  Phys.  Med.  Soc.  Erlangen,  12  (1880),  33;  Ann.  der  Phrs. 

(Pogg.)  [2],  9  (1880),  108;  Repert.  Exp.  Phys.  17  (1881),  254.' 

1880:  32.    E.  Lommel.    Ueber  Fluorescenz.     (Platinum  cyanide.)    R. 
Sitzber.  Phys.  Med.  Soc.  Erlangen,  12  (1880),  53;  Ann.  der  Phys. 
(Pogg.),  10  (1880),  449,  631;  Bepert.  Exp.  Phys.  16  (1880),  7331 

1880:  33.  P.  Ghoth  (L.  Calderon,  J.  H.  vant'Hoff,  A.  Howe,  A. 
Fock).     (Crystallography  of  the  platinum  iodonitrites.)  Pt 

Ztsch.  Eryst.  4  (1880),  492;  Jsb.  Chem.  1880,  363. 

1880:  34.    F.  Beilstein.     (Loss  of  weight  of  platinum  crucibles  by 

heating).  Pt. 

Pharm.  Ztsch.  Buss.   19   (1880),  630;  J.  Buss.  Chem.  Soc   12,  i 

(1880),  298;  Chem.  Centrbl.  1880,  614;  Jsb.  Chem.  1880,   1145; 

Ztsch.  anal.  Chem.  20  (1881),  407. 
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1880:  35.    A.  Scheubeb-Kestkeb.    Sur  la  dissolution  du  platine  dans 

Tacide  stdfnrique.     (During  concentration.)  Pt. 

C.  B.  91  (1880),  59;  Ber.  13  (1880),  1975;  Chem.  CentrbL  1880,  564; 

Ghem.  News,  42  (1880),  61;  J.  Chem.  Soc  38  (1880),  706;  Jsb. 

Chem.  1880,  361;  i.  Bum.  Chem.  Soc.  13,  ii  (1861),  46. 

1880:  36.  F.  Kuhlmann  (fils).  Explosion  d'nn  alambic  de  platine 
servant  k  la  concentration  de  Tacide  stdfnrique.  Pt. 

Bui.  soc.  chim.  [2],  33  (1880),  50,  97;  DingL  pol.  J.  237  (1880), 
253;  J.  Chem.  Soc.  38  (1880),  517;  Jsb.  Chem.  1880,  1249;  J. 
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Ztg.  4  (1880),  8. 

1880:  37.    C.  Pabbe.    (Platinotypie.)  Pt. 

Bui.  de  TAssoc.  Beige,  de  Phot.  6,  302;  Photog.  Corresp.  17  (1880), 
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Chem.  1880,  1393;  Chem.  tech.  Mitth.  (Eisner),  30  (1880-81),  273. 

1880:  38.    M.  Bebthelot.     Sur  quelques  relations  gdn^rales  entre  la 

masse  chimique  des  ^l^mens  et  la  chaleur  de  formation  de  leur 

combinaisons.     (Platinum  and  palladium  compounds.)        Pt,  Pd. 

Ann.  chim.  phys.   [5],  21   (1880),  386;  C.  B.  90   (1880),  1511;  91 

(1880),  17;  Bev.  sclent.  19  (1880),  26;  Jsb.  Chem.  1880,  134. 

1880:  39.  P.  Desains  and  P.  Cubie.  Becherches  sur  la  determination 
des  longeurs  d'onde  des  rayons  calorifiques  k  basse  temperature. 
(Of  glowing  platinum.)  Pt. 

C.  B.  90  (1880),  1506;  Jsb.  Chem.  1880,  196. 

1880:  40.    E.  Bouty.    Mesure  des  forces  61ectromotrices  thermo61ec- 

triques  au  contact  d'un  m6tal  et  d'un  liquide.     (Platinum  and 

liquids.)  Pt. 

C.  B.  90  (1880),  917;  Seanc.  Soc.  Phys.  Paris,  1880,  96;  Jsb.  Chem. 

1880,  160. 
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tions with  platinum  electrodes.  Pt. 
Proe.  Boy.  Soc.  London,  31  (1881),  244. 
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electric  current.     (Platinnm,  Phil.  Mag.,  p.  321.)  Pt 
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MonatBber.  Akad.  Berlin,  1880,  285;  Ann.  der  Phys.  (Pogg.)  [2], 
11  (1880),  737. 

1881:  1.    W.  E.  Hidden.    Notes  on  mineral  localities  in  North  Caro- 
lina.   (No  platinum  in  five  localities.)  Pt 
Amer.  J.  Sci.  [3],  22  (1881),  25;  Jsb.  Chem.  1881, 1347. 

1881:  2.    P.  Collier.     A  remarkable  nugget  of  platinum.      (From 

Plattsburgh,  N.  Y.;  with  analysis.)  Pt,  Pd,  Ir,  Os,  Bh,  Bu. 

Amer.  J.  Sci.  [3],  21  (1881),  123;  Ztsch.  Eryst.  5  (1881),  515;  Jeb. 

Chem.  1881,  1347;  J.  Chem.  Soc.  44  (1883),  426;  Jahrb.  f.  MIn. 

1883,  1,  Bef.  27. 

1881:  3.    .    Gold  and  platinum  in  Bussia.  Pl 

Engineering,  31  (1881),  163;  Dingl.  pol.  J.  240  (1881),  152;  J.  Chem. 
Soc.  40  (1881),  769. 

1881:  4.    .    Increased  importance  of  iridium.  Ir. 

Sclent.  Amer.  44  (1881),  369;  Berg  nnd  Hiitten  Ztg.  40  (1881), 
327;  Chem.  Centrbl.  1882,  47. 

1881:  6.  T.  WiLM.  (Beitrage  zur  Chemie  der  Platinmetalle.)  (Puri- 
fication of  palladium;  precipitation  of  rhodium  and  palladium: 
solution  of  platinum  metals  in  hydrochloric  acid;  rhodium  and 
hydrogen.)  Bh,  Pd,  Pt,  Ir,  Os,  Bu. 

J.  Buss.  Chem.  Soc  13,  i  (1881),  360,  517,  560;  Ber.  14  (1881),  629; 
15  (1882),  241  (abst.);  Bnl.  soc.  chim.  [2],  36  (1881),  436;  37 
(1882),  344,  545;  38  (1882),  139,  167;  Chem.  CentrbL  1881,  321: 
1882,  23,  153;  Dingl.  pol.  J.  240  (1881),  325;  244  (1882),  87;  J. 
Chem.  Soc.  40  (1881),  514;  Jsb.  Chem.  1881,  306;  1882,  359,  1389; 
Chem.  Ztg.  5  (1881),  252;  Chem.  tech.  Mitth.  (Eisner),  30  (ISSO- 
81),  219. 

1881:  6.    T.  WiLM.    (TJeber  das  Verhalten  von  Palladium,  Bhodium 

und  Platin  zu  Leuchtgas.)  Pd,  Bh,  Pt. 

J.  Buss.  Chem.  Soc.  13,  i  (1881),  490;  Ber.  14  (1881),  874;  Amer. 

Chem.  J.  3  (1881),  154;  Bnl.  soc  chim.  [2],  36  (1881),  438;  Din^^. 

pol.  J.  241  (1881),  150;  J.  Chem.  Soc.  40  (1^81),  706;  Jsb.  Chem. 

1881,  307;  Chem.  Ztg.  5  (1881),  323. 

1881:  7.    W.  GiBBS.    On  osmyl-ditetramin.  Os. 

Amer.  Chem.  J.  3  (1881),  233;  Ber.  14  (1881),  2820;  J.  ChemL  Soc. 
42  (1882),  144;  Jsb.  Chem.  1881,  308;  J.  Buss.  Chem.  Soc  14,  ii 
(1882),  207. 
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1881:  8.    0.    Hesse.    Neue   Platinsalze.    (Chlorplatinates   of   quinin 

derivatives.)  Pt. 

Ann.  der  Chem.  (Liebig),  207  (1881),  309;  Chem.  News,  44  (1881), 

83;  J.  Chem.  Soc  40  (1881),  922;  Monit.  sclent.  23  (1881),  1122; 

Chem.  Ztg.  5  (1881),  400. 

1881:  9.    K.  Seubbbt.    Ueber  das  Atomgewicht  des  Hatins  (194.177). 

Pt. 
Ann.  der  Chem.  (Liebig),  207  (1881),  1;  Ber.  14  (1881),  865;  Pharm. 
Ztsch.  Rubs.  20  (1881),  256;  Amer.  Chem.  J.  3  (1881),  157;  Amer. 
J.  Sci.  [3],  21  (1881),  398;  Bui.  soc.  chim.  [2],  36  (1881),  437; 
Chem.  Centrbl.  1881,  321;  Chem.  News,  43  (1881),  252;  44  (1881), 
82;  J.  Chem.  Soc.  40  (1881),  514;  Jsb.  Chem.  1881,  6;  J.  Buss. 
Chem.  Soc.  14,  ii  (1882),  64;  Chem.  Ztg.  5  (1881),  217;  Bepert. 
anal.  Chem.  1  (1881),  151. 

1881:  10.    A.  Orlowskt.    {A&mty  between  platinum  and  sulfur.)  R. 

J.  Rubs.  Chem.  Soc.  13,  i  (1881),  547;  Ber.  14  (1881),  2823;  Jsb. 
Chem.  1881,  24. 

1881:  11.    E.  PoHBY.    Sur  les  combinaisons  phosphoplatiniques.      Pt. 
C.  B.  92  (1881),  794;  Bui.  soc.  chim.  [2],  35  (1881),  420;  Chem. 
Centrbl.  1881,  322;  Chem.  News,  43  (1881),  222;  Jsb.  Chem.  1881, 
305. 

1881:12.    P.  Sohutzenbebgbb.    Carbure  de  platine.  Pt. 

Bui.  soc.  chim.  [2],  35  (1881),  355;  J.  Buss.  Chem.  Soc.  14, 11  (1882), 
149. 

1881:  13.  P.  W.  Clarke  and  Mart  E.  Owens.  Some  new  compounds 
of  platinum.  (Action  of  potassium  cyanate  on  platinum  tetra- 
chlorid  and  on  Magnus'  salt;  potassium  thiocyanate  on  platinum 
tetrachlorid;  and  hydrogen  suliid  on  strychnin  chloroplatinate.) 

Pt. 

Amer.  Chem.  J.  3  (1881),  351;  Ber.  15  (1882),  352;  Chem.  News,  45 
(1882),  62;  Bui.  soc.  chim.  [2],  37  (1882),  400;  Chem.  Centrbl. 
1882,  153;  J.  Chem.  Soc.  42  (1882),  299;  Jsb.  Chem.  1881,  305; 
Sclent.  Proc.  Ohio  Mech.  Inst.  1  (1882),  45;  Chem.  Ztg.  6  (1882), 
69. 

1881:  14.  S.  M.  J6roensen.  Beitrage  zur  Chemie  der  Kobaltammo- 
niakverbindungen.    (Chloroplatinates.)  Pt. 

J.  prakt.  Chem.  [2],  23  (1881),  227;  Bui.  soc.  chim.  [2],  36  (1881), 
311;  Jsb.  Chem.  1881,  251. 

1881:  14a.  a.  Colson.  Sur  la  diffusion  des  solides  dans  les  solides. 
(Platinum  does  not  react  with  carbon.)  Pt. 

C.  B.  93  (1881),  1074;  Jsb.  Chem.  1881,  79. 


190  BIBLIOGRAPHY   OP  MBTAL8  OP  THE   PLATINUM  OBOtJP 

1881:  15.    J.  Holland.    Process  of  fusing  and  moulding  iridium.     (By 

fusion  with  phosphorus.)    (U.  S.  Patent,  241216;  D.  B.  pat^ 

15979,  May  10,  1881.)  Ir. 

J.  Amer.  Chem.  Soc.  3  (1881),  158;  Dingl.  poL  J.  244  (1882),  219; 

Oester.  Ztsch.  Berg  tmd  Hutteil  Wesen,  29  (1881),  678;  Chem. 

CentrbL  1882,  334;  Jab.  Chem.  1882,  1388;  Chem.  tech.  Mitth. 

(Eisner),  31  (1881-82),  105. 

1881:  16.    F.  W.  Clabke.    An  abstract  of  the  results  obtained  in  a 

recalculation  of  the  atomic  weights.    (Platinum  metalB,   FhiL 

Mag.,  p.  108;  Am.  C.  J.,  p.  271.)  Pt,  Pd,  Ir,  Rh,  Os,  Bu. 

PhiL  Mag.  [5],  12  (1881),  101;  Amer.  Chem.  J.  3  (1881),  263;  Jfib. 

Chem.  1881,  7. 

1881:  17.    J.  Dewab  and  A.  Scott.    On  some  vapor  density  determina- 
tions.    (Platinum  bichlorid.)  Pl 
Bept.  Brit.  Assoc.  1881,  597;  Ann.  der  Phys.   (Po^g.)»  BeibL  7 
(1883),  149;  Jsb.  Chem.  1883,  48. 

1881:  18.     G.  Campabi.    Bicerca  dell*  oro  e  platino  in  presenza  dell' 

arsenico,  dello  stagno  e  dell'  antimonio.     (Quantitatiye  separation 

of  platinum  from  arsenic,  tin  and  antimony.)  Pt 

Annali  di  chim.  74   (1882),  1;  Ber.  15  (1882),  958;  Chem.  Ztg.  6 

(1882),  161. 

1881:  19.  F.  Field.  Laboratory  observations:  On  the  detection  of 
small  quantities  of  platinum;  action  of  organic  substances  in  re- 
action with  platinum  iodide  and  potassium  iodide  in  water  an- 
alysis. Pt(Pd,Bh). 

Chem.  News,  43  (1881),  75,  180;  Ber.  14  (1881),  693,  1296;  Chem. 
CentrbL  1881,  251;  J.  Chem.  Soc.  40  (1881),  649;  Ztsch.  ansL 
Chem.  21  (1882),  421;  22  (1883),  252;  Jsb.  Chem.  1882,  1260;  J. 
Rubs.  Chem.  Soc.  13,  ii  (1881),  340. 

1881:  20.    D.  Lindo.    Estimation  of  potassium  as  platinum  salt.      R, 
Chem.  News,  44  (1881),  77,  86,  97, 129;  Ztsch.  anal.  Chem.  21  (18$2), 
406. 

1881:  21.     G.  Ulex.    Ueber  Kalibestimmung  als  Ealiumplatinchlorid. 

Pt 
Repert.  anah  Chem.  1  (1881),  306;  Ztsch.  anal.  Chem.  22  (18S3), 
560. 

3881:  22.  B.  B.  Tatlock.  On  the  determination  of  potassium  as 
potassium  platino-chloride.  Pt 

Chem.  News,  43  (1881),  273. 

1881:  23.  S.  Zuckschwebdt  and  B.  West.  Ueber  die  Bestimmung 
des  Kaliums  als  Kaliumplatinchlorid.  Pt 

Ztsch.  anal.  Chem.  20  (1881),  185;  Dingrl.  pol.  J.  241  (1881),  140; 
Chem.  News,  43  (1881),  251. 
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1881:  24.    0.  Wallach.    Zur  Analyse  von  organischen  Platinsalzen. 

(Note.)  Pt. 

Ber.  14   (1881),  753;  Bui.  soc.  chim.   [2],  36   (1881),  575;  Chem. 

Centrbl.  1881,  389;  J.  Chem.  Soc.  40  (1881),  715;  Jab.  Chem.  1881, 

1194;  Chem.  News,  47  (1883),  249;  Chem.  Ztg.  5  (1881),  289. 

1881:  25.    L.  Maooi.    SuU'  analisa  protistologica  delle  acque  potabili. 

(TTse  of  palladium  chlorid  in  place  of  osmium  tetroxid  in  water 

analysis.)  Pd,  Os. 

Le  Btazioni  sperimentali  agrarie  itaL  11  (1882),  28;  ReDdic.  Inst. 

Lomb.  Milano,  14  (1881),  621;  Qazz.  chim.  ital.  13  (1883),  323; 

Rev.  Bcient.  3  (1882),  661;  Jsb.  Chem.  1883, 1526. 

1881:  26.  A.  Tschirikopp  (Schirikow).  (Use  of  palladium  in  esti- 
mation of  hydrogen.)  Pd. 
J.  Rubs.  Chem.  Soc.  14,  i  (1882),  47;  BuL  soc.  chim.  [2],  38  (1882), 
171;  Chem.  CentrbL  1882,  821;  Jsb.  Chem.  1882,  59,  1263;  Ztsch. 
anal.  Chem.  22  (1883),  240;  Ber.  15  (1882),  958;  Ann.  der  Phys. 
(Pogg.)  BeibL  8  (1884),  629;  Chem.  Ztg.  8  (1884),  1289;  Repert. 
anaL  Chem.  2  (1882),  120. 

1881:  27.     [B.?]  Schneider.    IJeber  das  Palladiumchloriir  als  Reagens 
auf  Eohlenoxyd.  Pd. 

Repert.  anaL  Chem.  1  (1881),  54;  Chehi.  CentrbL  1881,  201. 

1881:  28.    A.  Bemont.    De  Tattaque  du  platine  sous  Tinfluence  de  la 
flamme.    (Crucibles.)  Pt. 

BuL  soc.  chim.  [2],  35  (1881),  353  (note),  486;  Ber.  14  (1881),  1394; 
Chem.  CentrbL  1881,  440;  Chem.  News,  44  (1881),  169;  J.  Chem. 
Soc.  40  (1881),  882;  Jsb.  Chem.  1881,  304;  School  of  Mines  (N.  T.) 
Quart.  3  (1882),  301;  J.  Russ.  Chem.  Soc.  14,  ii  (1882),  236; 
Repert.  anaL  Chem.  1  (1881),  189. 

1881:  29.    C.  A.  M.  Ballino.    Beitrag  zur  Volumetric  einiger  Metalle. 
(Influence  of  platinum  in  quartation  of  gold  by  cadmium.)       Pt. 

Oester.  Ztsch.  Berg-  und  Hiitten-Wesen,  29  (1881),  51;  Chem.  Ztg. 
5  (1881),  113;  Jsb.  Chem.  1881,  1156. 

1881:  30.    E.  Lohmel.    Ein  Polarisationsapparat  aus  Magnesiumplatin- 
cyaniir.  Pt. 

Sitzber.  Phys.  Med.  Soc.  Erlangen,  13  (1881),  31;  Ann.  der  Phys. 
Pore-  [21,  13  (1881),  347. 

1881:  31.    H.  Bush.    Metallurgie  des  Platins.    (Use  of  platinum  al- 
loys.) R. 

Centralztg.  Optik.  Mech.  2  (1881),  30;  Dingl.  pol.  J.  240  (1881), 
216;  Polyt.  Notizbl.  36  (1881),  54;  Repert.  anal.  Chem.  1  (1881), 
94. 
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1881:  32.    .    Zur  Heretellung  und  Verwendung  des  Platins. 

(Editorial  review.)  Pt. 

Dingrl.  poL  J.  240  (1881)»  213;  J.  Chem.  Soc  40  (1881),  792. 

1881:  33.    P.  Casamajor.    (New  filtering  apparatus.)  P:. 

J.  Amer.  Chem.  Soc.  3  (1881),  125;  Chem.  News,  45  (1882),  14S: 
Moult.  Bcient.  24  (1882),  884. 

1881:  34.    0.  J.  Brooh,  E.  H.  Sainte-Claire  Deville,  and  J.  S.  Sta-. 

De  la  rfegle  en  forme  d'X  et  en  platine  iridii  pur  a  10  pour  1C<' 

d'iridium.  Pt,  Ir,  Pd,  Bh,  Os,  Bu. 

Ann.  chim.  phys.  [5],  22  (1881),  120;  J.  Chem.  Soc.  40  (1881),  6^0. 

1881:  35.    .    (Platindruek.)  Pr, 

Photog.  Archly,  27  (1881),  2;  Chem.  Centrbl.  1881,  175;  DingL  pol 
J.  240  (1881),  405;  J.  Chem.  Soc.  42  (1882),  115;  Jsb.  Chem.  ISfl. 
1342. 

1881:  36.    E.  Baumann.    Zur  Kenntniss  des  aktiven  Sauerstofib.    (Pil- 
ladiumwasserstoff.)  Pd. 

Ztsch.  physioL  Chem.  5  (1881),  244. 

1881:  37.    J.  YiOLLE.    Sur  la  loi  de  rayonnement.     (Intensity  luioi- 
neuses  des  radiations  emis^s  par  le  platine  incandescent.)  Pt. 

C.  B.  92  (1881),  866,  1204;  J.  Chem.  Soc.  40  (1881),  669;  Jsb.  Chem. 
1881,  116;  PhiL  Mag.  [5],  13  (1882),  147. 

1881:  38.    E.  L.  Nichols.    Note  on  the  electrical  resistance  and  th^e 

coefficient  of  expansion  of  incandescent  platinum.  Pt. 

Proc.  Amer.  Assoc.  1881,  24;  Amer.  J.  Sci.   [3],  22    (1881).  36:: 

PhiL  Mag.  [5],  13  (1882),  38;  Ber.  15  (1882),  524;  J.  Chem.  Soc  42 

(1882),  354;  Jsb.  Chem.  1881,  94;  1882, 149. 

1881:  39.    F.  Streintz.    ITeber  die  durch  Entladung  von  Lejdener 

Flaschen  hervorgeruf  ene  Zersetzung  des  Wassers  an  Platinelektro- 

den.  Pi. 

Sitzber.'Akad.  Wien,  83,  ii  (1881),  618;  Anzeiger  Akad.  Wien,  15 

(1881),  67;  Ann.  der  Phys.  (Pogg.),  [2],  13  (1881),  644. 

1881:  40.    6.  H.  Johnson.    On  the  synthetical  production  of  ammonii 

by  the  combination  of  hydrogen  and  nitrogen  in  presence  of 

heated  spongy  platinum.  Pt. 

J.  Chem.  Soc.  39  (1881),  128,  130;  J.  Buss.  Chem.  Soc  14.  ii  (ISSe). 

146. 

1882:  1.    A.  VON  Lasaulx.    Ueber  einen  ausgezeichneten  Kiystall  von 
dunklem  Osmiridium  aus  dem  Ural.    (Crystallographic.)      Os,  Ir. 
Sitzber.  Niederrhein.  GeseU.  Bonn,  39  (1882),  99;  Ztsch.  Krrst.  $ 
(1884),  303;  Jsb.  Chem.  1884,  1902. 
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1882:  2.    W.  H.  Seamon.    Examination  of  gold,  silver,  etc.,  alloys  found 
in  grains  along  with  the  native  platinum  of  Colombia,  S.  America. 

Pt. 
Chem.  News,  46   (1882),  215;  J.  Chem.  Soc.  44   (1883),  160;  Jsb. 
Chem.  1882,  1522. 

1882:  3.  W.  H.  Seamon.  Analysis  of  native  palladium-gold  from 
Taguaril,  near  Subara,  province  of  Minas  Geraes,  Brazil.  Pd. 

Chem.  News,  46  (1882),  216;  J.  Chem.  Soc.  44  (1883),  160;  Chem. 
Centrbl.  1882,  819;  Jsb.  Chem.  1882,  1522. 

1882:  4.  J.  W.  Mallet.  Comment  on  W.  H.  Seamon's  analysis  of 
palladium-gold  from  Brazil.  Pd. 

Chem.  News,  46  (1882),  216;  Jsb.  Chem.  1882, 1522. 

1882:  5.    J.  H.  Debkat.    Note  sur  la  reproduction  des  osmiures  d'iri- 

dium.  Ir,  Os. 

C.  R.  95   (1882),  878;  BuL  soc.  chim.   [2],  39   (1883),  520;  Chem. 

Centrbl.  1883,  4;  Chem.  News,  46  (1882),  280;  J.  Chem.  Soc.  44 

(1883),  298;  J.  Buss.  Chem.  Soc.  15,  ii  (1883),  424;  Chem.  Ztg.  6 

(1882),  1318. 

1882:  6.  E.  H.  Saivte-Claire  Deville  and  J.  H.  Debray.  Note  sur 
quelques  alliages  explosifs  du  zinc  et  des  mitaux  du  platine. 

Pt,  Pd,  Ir,  Os,  Bh,  Bu. 
C.  B.  94  (1882),  1557;  Chem.  CentrbL  1882,  468;  Chem.  News,  46 
(1882),  10;  Jsb.  Chem.  1882,  1386;  J.  Buss.  Chem.  Soc.  15,  ii 
(1883),  15;  Ann.  der  Phys.  (Pdgg.)  BeibL  6  (1882),  655. 

1882:  7.  A.  Ditte.  Recherches  relatives  au  protoxyde  d'6tain  et  a 
quelques  une  de  ses  composes.  (Palladium  tin  and  platinum  tin 
salts.)  R,  Pd. 

Ann.  chim.  phys.    [5],  27   (1882),   145;  C.  B.  94   (1882),   1114;  J. 
Chem.  Soc.  42  (1882),  808;  Phil.  Mag.  [5],  14  (1882),  152. 

1882:  8.    B.  Gerdes.    Ueber  die  bei  Elektrolyse  des  carbaminsauren 

und  kohlensauren  Ammons  mit-Wechselstromen  und  Platinelek- 

troden  entstehenden  Platinbasen.  Inaug.  Diss.  Leipzig,  1882.  Pt. 

J.  prakt.  Chem.  [2],  26  (1882),  257;  Bui.  soc.  chim.  [2],  39  (1883), 

34;  Chem.  Centrbl.  1883,  132;  J.  Chem.  Soc.  44  (1883),  27;  Jsb. 

Chem.  1882,  160;  J.  Buss.  Chem.  Soc.  15,  ii  (1883),  455. 

1882:  9.     E.  Drechsel.     Ueber  die  Ammonplatindiammoniumverbin- 
dungen.     (Criticism  of  B.  Gerdes.)  Pt. 

J.  prakt.  Chem.  [2],  26  (1882),  277;  J.  Chem.  Soc.  44  (1883),  28. 

1882:  10.     S.   M.   Joroensen.     Beitrage   zur  Chemie   der   Chromam- 
moniakrerbindungen.    (Chloroplatinates  of  chromium  bases.)   Pt. 

J.  prakt.  Chem.  [2],  25  (1882),  83,  321,  398;  Jsb.  Chem.  1882,  309. 
13 
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1883:  11.     S.  M.  J6rgensen.     Beitrage  zur  Chemie  der  BhodiTmum- 

moniakverbindungen.     (Vorlaufige  Mittheilung.)  Rh,Pi 

J.  prakt.  Chem.    [2],   25   (1882),   346;  Chem.   CentrbL   ISSt,  4o&. 

Chem.  News,  46  (1882),  67;  J.  Chem.  Spc.  42   (1882),  1173;  Jsb. 

Chem.  1882,  360. 

1882:  12.  F.  W.  Clabke.  "A  recalculation  of  the  atomic  weights'" 
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Sclent.  Proc.  Ohio  Mech.  Inst.  1  (1882),  35;  Trans.  Amer.  Mi:. 
Eng.  12  (1883),  557;  Chem.  News,  45  (1882),  168;  Bcr.  15  H?^^ 
1190;  J.  Chem.  Soc.  42  (1882),  703;  Jsb.  Chem.  1882,  138S;  l^v 
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1882:  23.  C.  B.  Fresbnius.  Zur  Bestimmtmg  des  Kalis  als  Kalinm- 
platinchlorid.  (Nach  der  nenen  Bestimmimg  des  PlatinaqniTa- 
lents  durch  Senbert.)  Pt. 

Ztsch.  anal.   Chem.  21    (1882),  234;  Jsb.   Chem.  1882,   1282. 
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Palladimnwasserstoflf  tmd  Sauerstoff.    (Vorlaufige  MittheUung.) 
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'      345;  J.  Chem.  Soc.  44  (1883),  859;  Jsb.  Chem.  1883,  231. 
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C.  B.  97  (1883),  1333;  Ber.  17,  ii  (1884),  6;  Bui.  soc  chim.  [2],  42 
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chlorplatinates.  pyridiques  et  quinoleiques.  Pt. 

Bui.  soc.  chim.  [2],  39  (1883),  263,  498;  42  (1884),  610. 
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organic  substances  in  potable  water.  Pt. 

J.  Amer.  Chem.  Soc.  5  (1883),  74. 

1883:  25.  A.  Oblowski.  Ersetzung  des  Schwefelwasserstoffs  in  quali- 
tativer  Analyse  durch  tmterschwefligsaures  Ammon.  (Action  on 
platinum  solutions.)  Pr. 

Ztsch.  anal.  Chem.  22  (1883),  357. 

1883:  26.    M.  Ballo.    Platinirtes  Magnesium  als  Beductionsmittel.  Pt. 
Ber.  16  (1883),  694;  BingL  pol.  J.  249  (1883),  96;  Chem.  News,  4^ 
(1883),  247;  50  (1884),  55;  J.  Soc.  Chem.  Ind.  2  (1883),  232. 

1883:  27.  P.  E.  Lecoq  de  Boisbaudran.  Separation  du  galliuiiL 
(D'avec  le  rhodium;  des  remarques  sur  quelques  reactions  des  sels 
de  rhodium,  p.  152;  d^avec  ^iridium,  1696;  d'avec  le  ruthenium  et 
rosmium,  1838.)  Eh,  Ir,  Os,  Eu. 

C.  B.  96  (1883),  152,  1696,  1838;  Chem.  News,  47  (1883),  100;  2^9; 
48  (1883),  15;  Ber.  16  (1883),  579;  Bui.  soc  chim.  [2],  40  (ISs?). 
350;  Chem.  Centrbl.  1883,  130;  J.  Chem.  Soc  44  (1883),  715:  Jsb. 
Chem.  1883,  1571,  1572. 

1883:  28.  A.  B.  Clbmence.  Apparatus  (platinum  tube)  for  estimating: 
carbon  in  steels.  Pt. 

J.  Frank.  Inst.  86  (1883),  370;  Chem.  News,  48  (1883),  206;  Din^L 
pol.  J.  254  (1884),  77;  Engineer,  56  (1883),  387;  Ztsch.  anaL 
Chem.  23  (1884),  203;  Jsb.  Chem.  1883,  1554;  1884,  1691. 

1883:  29.    W.  L.  Dudley.    The  iridium  industry.  Ir. 

Trans.  Amer.  Inst.  Min.  Eng.  12  (1883),  577. 

1883:  30.  M.  Tkaube.  Ueber  Activirung  des  Sauerstoffs.  (By  palla- 
dium hydrogen.)  Pd. 

Ber.  16  (1883),  123,  1201;  Bui.  soc.  chim.  [2],  40  (1883),  438;  Jsb. 
Chem.  1883,  265,  270. 
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1883:  31.  F.  Hoppe-Sbylbr.  Ueber  Erregung  des  Sauerstoffs  durch 
naficirenden  Waseerstoff.  (From  palladium^  iridiiun  and  rhodium.) 

Pd,Ir,Bh. 

Ber.  16   (1883),  117,  1917;  BuL  soc.  chim.   [2],  40  (1883),  437;  J. 
Chem.  Soc.  44  (1883),  848;  Jsb.  Chem.  1883,  268,  270. 

1883:  32.  P.  Chappuis.  Ueber  die  Warmeerzeugung  bei  der  Absorp- 
tion der  Gase  dnrch  feete  Korper  iind  Fliissigkeiten.  fSulfur 
dioxid  by  platinum.)  Pt. 

Ann.  der  Phys.  (Pogg.)  [2],  19  (1883),  21;  Jsb.  Chem.  1883,  141. 

1883:  33.  A.  Bartoli  and  G.  Papasogli.  Elettrolisi  della  glicerina 
eon  elettrodi  di  carbone  e  di  platino.  Pt. 

Gazz.  chim.  ital.  13  (1883),  287. 

1883:  34.     C.  Fromme.     Electrische  TJntersuchungen.     I.  Ueber  das 

Verhalten  von   Platin,   Palladium^   etc.,   in   Chromsaurelosung. 

n.  Do.  in  Salpetersaurelosimg.    III.  Yersuche  zur  Kenntniss  der 

Wafiserstoff-Condensation   und   -Absorption    dureh    Platin    und 

Palladium.    Zusammenfassung  und  Erklarung.  Pt,  Pd. 

Ann.  der  Phys.  (Pogrg-)   [2],  18  (1883),  552;  19  (1883),  86,  300;  J. 
Chem.  Soc.  44  (1883),  698,  699,  766;  Jsb.  Chem.  1883,  208. 

1883:  35.    W.   Hankel.    Ueber  die   bei   einigen   Gasentwickelungen 

auftretenden  Electricitaten.      (Electrical  action   of  water-drops 

falling  into  platinum  dish.)  Pt. 

Abhand.  sachs.  Ges.  Wiss.  20  (1883),  599;  Ber.  sachs.  Ges.  Wiss.  35 

(1883),  123;  Ann.  der  Phys.   (Pogg.)    [2],  22   (1884),  387;  Jsb. 

Chem.  1884,  235. 

1883:  36.    Krouchkoll.     Sur  les  courants  d'^mersion  et  de  mouve- 
ment  d'un  m6tal  dans  un  liquide  et  les  courants  d^6mersion.  (Plat- 
inum in  acid  water.)  Pt. 
C.  R.  97  (1883),  161;  J.  de  phys.  2  (1883),  505;  Telegr.  J.  13  (1883), 
338;  Jsb.  Chem.  1883,  209;  J.  Chem.  Soc.  46  (1884),  2. 

1883:  37.  E.  Becquerel.  Bemarque  sur  la  papier  de  Krouchkoll. 
(Platinum  in  acid  water.)  Pt. 

C.  R.  97   (1883),  164;  Jsb.  Chem.  1883,  209. 

1883:  38.  E.  Pirani.  "Ueber  galvanische  Polarisation.*'  (Hydrogen 
on  platinum  and  palladium.)     Berlin,  1883.  Pt,  Pd. 

Ann.  der  Phys.  (Pogg.)  [2],  21  (1884),  64;  Jsb.  Chem.  1884,  259. 

1883:  39.    E.  Baumann.    Zur  Kenntniss  des  activen  Sauerstoffs.    (Pal- 
ladium-hydrogen.) Pd. 
Ber.  16  (1883),  2146. 
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1883:  40.    A.  Guebhard.     Sur  la  force  61ectromotrice  des  ddpdts  Aec- 

trolytiques  de  peroxyde  de  plombe.     (Polarisation  of  lead  dioiid 

vs.  platinum.)  Pt. 

C.  R.  Assoc.  Frang.  12  (1883),  311;  Ann.  der  Phys.  (Pogg.)  Beibl. 

8  (1884).  771;  Jsb.  Chem.  1884,  259. 

1884:  1.    .     (Platinum  mines  in  Bussia.)  Pt. 

Engineer,  1884,  Sept.  26;  Repert.  anal.  Chem.  4  (1884),  383. 

1884:  2.  T.  Wilm.  (New  salt  of  rhodium.)  (Further  details  of 
1883:  3  and  5.)  BL 

J.  Buss.  Chem.   Soc.   16,  i   (1884),  247;  BuL  soc  chim.  [2],  42 
(1884),  327;  J.  Chem.  Soc  48  (1885),  355. 

1884:  3.  P.  Schutzenberoer.  Sur  un  radical  mfetallique.  (Platino- 
stannates.)  Ft. 

C.  R.  98  (1884),  985;  J.  prakt.  Chem.  [2],  29  (1884),  304;  Ber.  17 
(1884),  249;  Chem.  Centrbl.  1884,  452;  Jsb.  Chenu  1884,  459. 

1884:  4.     D.  Tivoli.     Composti  di  platino  e  di  arsenico.  Pi- 

Gazz.  chim.  ital.  14  (1884),  487;  Ber.  18  (1885),  137;  Bol.  soc  chim. 

[2],  45  (1886),  444;  J.  Chem.  Soc  48  (1885),  728;  Chem.  Ztg.  9 

(1885),  837;  Jsb.  Chem.  1884,  459;  J.  Russ.  Chem.  Soc  17,  ii 

(1885),  100. 

1884:  5.  S.  M.  Joroensen.  Beitrage  zur  Chemie  der  Chromaiiun'> 
niakverbindungen.     (Chloroplatinates.)  Pt. 

J.  prakt.  Chem.  [2],  30  (1884),  1;  Jsb.  Chem.  1884,  403. 

1884:  6.    S.  M.  Joroensen.    Ueber  das  Verhaltniss  zwischen  Luteo- 

und  Boseosalzen.     (Bhodamins  and  platinum  haloids.)       Pt.  Bh. 

J.  prakt.  Chem.  [2],  29  (1884),  409;  J.  Chem.  Soc  46  (1884),  105^ 

1884:  7.    W.  Halberstadt.     Bestimmung  des  Atomgewichts  des  Pla- 

tins.    (194.57592.)  ft 

Ber.  17  (1884).  2962;  Amer.  J.  Sci.  [3],  29  (1885),  253;  J.  Chem. 

Soc.  48  (1885),  355;  Ztsch.  anal.  Chem.  25  (1886),  296;  Jsb.  Chem. 

1884,  54;  Repert.  anaL  Chem.  5  (1885),  96;  Chem.  Ztg.  9  (1S3^)' 

357;  Chem.  Industrie,  8  (1885),  59. 

1884:  8.  F.  W.  Clarke.  A  recalculation  of  the  atomic  weightN 
(Pt  =  194.867;  0  =  16,  p.  50;  Os  =  199.648,  p.  62;  Ir  =  193,  ?. 
62;  Pd  =  111.879,  p.  62;  Eh  =  104.285,  p.  74;  Ru  =  104.4^^:, 
p.  74.)     (From  1882:  12.)  Pt,  Os,  Ir,  Pd,  Rh,  Bu. 

Chem.  News,  50  (1884),  50,  62,  74;  Chem.  Ztg.  8  (1884),  1288, 135S. 

1884:  9.  B.  Bomanis.  Note  on  the  molecular  volume  of  some  double 
chlorides  (of  platinum).  R- 

Chem.  News,  49  (1S84),  273;  Jsb.  Chem.  1884,  78. 
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1884:  10.  F.  M.  Raoult.  Action  de  Teau  sur  les  sels  doubles.  (So- 
dimn  chloroplatinate.)  Pt. 

C.  B.  99  (1884),  914;  J.  Chem.  8oc.  48  (1885),  122. 

1884:  11.    Khouohkoll.    (Amalgainatioii  of  platiniiin.)  Pt. 

J.  de  phys.  [2],  3  (1884),  139;  Ann.  der  Phys.  (Pogg.)  Beibl.  8 
(1884),  655;  Ber.  17  (1884),  162;  Jsb.  Chem.  1884,  443;  Chem.  Ztg. 
8  (1884),  1290. 

1884:  12.  A.  Valentini.  Sopra  alcuni  esperience  di  corso.  I.  Ap- 
parecchio  per  la  combustione  dei  corpi  nelF  oseigeno.  (By  plati- 
nimi  sponge.)  Pt. 

Gazz.  chim.  ital.  14  (1884),  214;  Jsb.  Chem.  1884,  312. 

1884:  13.    C.  Zitlkowsky  and  C.  Lepez.    Znr  Bestimnnmg  der  Halo- 
gene  organischer  Korper.    (Use  of  platinized  quartz.)  Pt. 
Sitzber.  Akad.  Wien,  90,  ii  (1884),  365;  J.  Chem.  Soo.  48  (1885), 
591;  Monatsh.  Chem.  5  (1884),  537;  Ztach.  anal.  Chem.  24  (1885), 
607. 

1884:  14.  A.  Classen.  Quantitative  Analyse  durch  Elektrolyse.  (Plat- 
inum, p.  2477.)  Pt. 

Ber.  17  (1884),  2467;  Bui.  soc.  chkn.  [2],  44  (1885),  268;  Dingl.  pol. 
J.  259  (1886),  92;  J.  Chem.  Soc.  48  (1885),  191;  Ztsch.  anaL  Chem. 
24  (1885),  250;  Analyst,  9  (1884),  228;  Chem.  Ztg.  9  (1885),  217. 

1884:  15.  E.  Dreohsel.  Elektrolysen  und  Elektrosynthesen.  (Alter- 
nating current  between  platinum  and  palladium  electrodes.) 

R,Pd. 
J.  prakt.  Chem.  [2],  29  (1884),  229;  J.  Chem.  Soc.  46  (1884),  1136. 

1884:  16.  A.  Babtoli  and  G.  Papasoqli.  Sulla  elettrolisi  delle  solu- 
zione  di  fenelo  con  elettrodi  di  carbone  e  di  platino.  Pt. 

Gazz.  chim.  ital.  14  (1884),  90;  Ber.  17  (1884),  572;  J.  Chem.  Soc. 
46  (1884),  170. 

1884:  17.    E.  Habnagk.    Ueber  die  quantitative  lodbestimmung  im 

Harn.     (Use  of  palladium  solution.)  Pd. 

Ztach.  physiol.  Chem.  8  (1884),  391;  J.  Chem.  Soc.  46  (1884),  1423. 

1884:  18.     G.  Vulpius.    Ueber  Ozonwasser.     (Use  of  palladium  chlorid 

to  detect  ozone,  p.  276.)  Pd. 

Arch,  de  pharm.  222  (1884),  268;  Bepert.  anal.  Chem.  4  (1889),  175. 

1884:  19.    W.  Dittilah.    On  alkali-proof  metals.     (Action  of  lithium 

carbonate  and  alkalies  on  platinum  vessels.)  Pt. 

Chem.  News,  50   (1884),  3;  J.  Soc.  Chem.  Ind.  3   (1884),  303;  J. 

Chem.  Soc  46  (1884),  1071;  Ztsch.  anal.  Chem.  24  (1885),  75;  Jsb. 

Chem.  1884,  1557,  1729. 
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1884:  20.    H.  J.  Seaman.    Note  on  patching  platinnm  crucibles.    Pt. 
Trans.  Axner.  Inst.  Min.  Eng.  13  (1884),  140;  £ng.  and  Mis.  J.  37 
(1884),  421;  Chem.  Ztg.  8   (1884),  933;  Chem.  News,  49  (1884), 
274;  Jsb.  Chem.  1884,  1687. 

1884:  21.    A.  Gawalovski.    Platinfilter.  Pt. 

Ztsch.  anal.  Chem.  23  (1884),  372;  Chem.  Ztg.  8  (1884),  1509. 

1884:  22.     G.  L.  Anders.    Telephone  transmitters.     (Osmium  in  mi- 
crophone.) Os. 
Sci.  Amer.  Suppl.  18  (1884),  7201;  Dingl.  pol.  J.  254  (1884),  442. 

1884:  23.    Tremeschini.     (Pyrometer  of  platinum.)  Pl 

Portefeuille  6conom.  Mach.  9  (1884),  64;  DingL  pol.  J.  254  (18S4), 
158. 

1884:  24.  J.  Lewis.  Brennerkopf  zur  Verbrennung  eines  Gremisches 
Leuchtgas  und  Luft  in  Platindrahtgewebe.  D.  B.  Patent  30,1  T4 
May  16,  1884.  Pt. 

Dingl.  pol.  J.  259  (1886),  413. 

1884:  25.    W.  Siemens.    Lichteinheit  der  Pariser  Conferenz.     (Pkri- 

num  light  unit.)  Pt. 

Sitzber.  Akad.  BerUn,  1884,  601;  Ann.  der  Phys.  (Pogg.)   [2].  2* 

(1884),  304;  Elektrotech.  Ztsch.   1884,  244;   DingL    pol.  J.  2^ 

(1884),  529;  254  (1884),  122;  Jsb.  Chem.  1884,  281. 

1884:  26.    J.  Violle.     Sur  Titalon  absolu  de  lumi^re.    (Platinum  unit.) 

Pt. 

C.  K.  98  (1884),  1032;  Ann.  chim.  phys.  [6],  3  (1884),  373;  Dingl. 
pol.  J.  254  (1884),  499;  Jsb.  Chem.  1884,  281;  J.  fiir  Gasbeleucht. 
1884,  763;  Chem.  Ztg.  9  (1885),  249. 

1884:  27.    .     Electrische    Einheiten    und    lachteinheiteiL 

(Platinum  unit.)  Pt. 

Ann.  der  Phys.  (Pogg.)   [2],  22  (1884),  616;  Jsb.  Chem.  1884,  2^1. 

1884:  28.     S.  Bidwell.     On  a  relation  between  the  coefficient  of  the 
Thomson  effect  and  certain  other  physical  properties  of  metah. 
(Specific  heat  and  resistance  and  coefficient  of  expansion.)  Pt,  FtL 
Proc.  Roy.  Soc.  London,  37  (1884),  25. 

1884:  29.     C.  G.  Knott.    The  electrical  resistance  of  hydrogenized  pal- 
ladium. PA 
Proc.  Roy.  Soc.  Edinb.  12  (1884),  181;  Ann.  der  Phys.   (Pogg.) 
Beibl,  8  (1884),  394;  Jsb.  Chem.  1884,  250. 

1884:  30.    L.  Weillek.     (Electrical  resistance  of  platinnm.)  Pl 

Rev.  Indust.  1884,  242;  Dingl.  pol.  J.  253  (1884),  134;  Jsb.  Chem. 
1884,  249. 
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1884:  31.  A.  Macfarlane.  Arrangement  of  the  metals  in  an  electro- 
frictional  series.  Pt. 

Proc.  Roy.  Soc.  Edinb.  12  (1884),  412;  Ann.  der  Phys.   (Pogg.) 
BeibL  9  (1885),  432;  Jsb.  Chem.  1885,  225. 

1884:  32.  V.  Strotjhal  and  C.  Barus.  Das  Wesen  der  Stahlhartung 
vom  elektrischen  Standpunkte  aus  betrachtet,  besonders  im  An- 
schluss an  das  entsprechende  Verhalten  einiger  Silberlegirungen. 
(Electric  properties  of  silver  platinum.)  Pt. 

Sltzbcr.  bohm.  GeseU.  Prag  [6],  12  (1884),  14;  Ann.  der  Phys. 
(Pogg.)  Beibl.  9  (1885),  353;  Jsb.  Chem.  1885,  255. 

1885:  1.    A.  Katterfeld.  Ueber  die  Platinaproduction  Rnsslands.  Pt. 
EuBskle  Wedomosti,  ;  Berg  nnd  Hutten  Ztg.  44  (1885), 

68;  DingL  pol.  J.  255  (1885),  489;  Chem.  Centrbl.  1885,  367;  J. 
Chem.  Soc.  48  (1885),  942;  Chem.  Ztg.  9  (1885),  435. 

1885:  2.    T.  Wilm.    Zur  Analyse  von  Platinerz.    Pt,  Pd,  Ir,  Rh,  Os,  Ru. 

J.  Buss.  Chem.  Soc.   17,  i   (1885),  451;  18,  i   (1886),  69;  Ber.   18 

(1885),  2536;  J.  Chem.  Soc.  50  (1886),  181;  Jsb.  Chem.  1885,  1941; 

BuL  soc.  chim.  [2],  45  (1886),  254;  Bepert.  anaL  Chem.  6  (1886), 

226;  J.  Soc.  Chem.  Ind.  4  (1885),  759. 

1885:  3.    P.  T.  Clbve.     Om  samariums  foreningar.     (Chloroplatinates 

and  platinocyanids.)  Pt. 

Oefrersigt.  Akad.  Forh.  Stockholm,  42  (1885),  No.  1,  15;  Nova 

Acta  Soc.  Sci.  Upsala  [3],  13  (1885),  2;  BuL  soc.  chim.  [2],  43 

(1885),  162;  Chem.  News,  51  (1885),  145;  Jsb.  Chem.  1885,  486. 

1885:  4.    P.  T.  Cleve.    Nya  undersokningar  ofver  didyms  foreningen. 

(Chloroplatinates.)  Pt. 

Oefversigt.  Akad.  Forh.  StockhoUn,  42  (1885),  No.  1,  21;  Nova 

Acta  Soc.  Sci.  Upsala  [3],  13  (1885),  5;  BuL  soc.  chim.  [2],  43 

(1885),  359;  Chem.  News,  52  (1885),  227,  291;  Jsb.  Chem.  1885,  481. 

1885:  5.  S.  M.  Joboensen.  Beitrage  zur  Chemie  der  Kobaltammo- 
niakverbindungen.    (Chloroplatinates.)  Pt. 

J.  prakt.  Chem.   [2],  31  (1885),  41,  262;  J.  Chem.  Soc.  48  (1885), 
726,  874;  Jsb.  Chem.  1885,  502,  512. 

1885:  6.     C.   Vincent.     Sur  trois   nouveaux   composes   de   Tiridium. 

(CSiloriridates  of  methylamins.)  Ir. 

C.  B.  100  (1885),  112;  Ber.  18   (1883),  48;  BuL  soc.  chim.  [2],  43 

(1885),  153;  Chem.  Centrbl.  1885,  165;  Chem.  News,  51   (1885), 

61;  J.  Chem.  Soc.  48  (1885),  356;  Jsb.  Chem.  1885,  1613;  Chem. 

Ztg.  9  (1885),  325. 

1885:  7.     C.   Vincent.     Sur  trois   nouveaux   composes   du   rhodium. 

(Chlororhodates  of  methylamins.)  Eh. 

C.  R.  101  (1885),  322;  Ber.  18  (1885),  532;  BuL  soc.  chim.  [2],  44 

(1885),  513;  Chem.  CentrbL  1885,  675;  Chem.  News,  62  (1885),  94; 
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53  (1886),  37;  J.  Chem.  Soc.  48  (1885),  1116;  50  (1886),  310;  J. 
prakt.  Chem.  [2],  33  (1886),  207;  Jsb.  Chem.  1885,  1614;  1886, 
501;  J.  Amer.  Chem.  Soc  7  (1885),  283. 

1886:  8.    P.  JocHTTM.    Ueber  die  Einwirkimg  dee  unterschwefiigBaiiTen 

Natrons  attf  Metallsalze.    Inang.  Diss.,  Berlin,  1885.     (Action  on 

platinons  chlorid.)  Pt. 

Chem.  Centrbl.  1885,  642;  Jsb.  Chem.  1B85,  395;  J.  Chem.  Soc  50 

(1886),  17. 

1885:  9.  H.  Moissan.  Action  du  platine  an  ronge  sur  les  fluomres  de 
phosphore.  Ft 

C.  B.  102  (1885),  763;  Ber.  19  (1886),  286;  Bui.  soc  chim.  [3],  5 
(1891),  454;  Chem.  News,  53  (1886),  191;  Jsb.  Chem.  1886,  363; 
J.  Chem.  Soc.  50  (1886),  592;  Chem.  Ztg.  10  (1886),  Bep.  90. 

1885:  10.    A.  B.  Griffiths.    Carbides  of  platinnm  formed  at  compan- 

tively  low  temperatures.  Pt, 

Chem.  News,  51  (1885),  97;  Ber.  18  (1885),  258;  J.  Chem.  Soc  45 

(1885),  487;  Jsb.  Chem.  1885,  571;  J.  Buss.  Chem.   Soc  18,  ii 

(1886),  190;  Chem.  Ztg.  9  (1885),  470. 

1885:  11.    C.  O.  Mehminoeb.    On  a  platinnm  silicide.  Pt 

Amer.  Chem.  J.  7  (1885),  172;  J.  Chem.  Soc  50  (1886),  124;  J. 
Buss.  Chem.  Soc  18,  ii  (1886),  190;  Chem.  Ztg.  9  (1885),  1773. 

1885:  12.  C.  Enebuske.  Om  platinas  metylsulfinbaser.  Inaug.  Diss. 
Lund.    (See  C.  W.  Blomstrand,  1888:  15.)  Pt 

Ars-skrift.  Uniy.  Limd.  22,  U  (1885-86),  2;  Ber.  20  (1887),  107;  J. 
prakt.  Chem.  [2],  38  (1888),  358;  Chem.  CentrbL  1889,  i,  69;  Jsh 
Chem.  1888,  2205. 

1885:  13.  G.  Rudelius.  Platinapropylsnlfinforeningar.  Inang.  Diss. 
Lund.    (See  C.  W.  Blomstrand,  1888:  15.)  Pt. 

Irs-skrift.  Univ.  Lund.  22,  U  (1885-86),  4;  Ber.  20  (1887),  108;  J. 
prakt.  Chem.  [2],  38  (1888),  497;  Chem.  Centrbl.  1889,  i,  1S9; 
Jsb.  Chem.  1888,  2207. 

1885:  14.  S.  G.  Hbdin.  Om  pyridinens  platinabaser.  Inaug.  Diss. 
Lund.  PL 

Ars-skrift.  Univ.  Lund.  22,  ii  (1885-86),  3;  Ber.  20  (1887),  108. 

1885:  15.    H.  G.  S^derbauk.     Om  dubbeloxalater  af  Platina.  «Pt. 

Oefversigt.  Akad.  F5rh.  Stockholm,  42  (1885),  Ko.  10,  25;  J.  Gkoa. 
Soc  50  (1886),  532;  Bui.  soc  chim.  [2],  45  (1886),  188;  Ber.  19 
(1886),  203;  Chem.  News,  53  (1886),  14;  Jsb.  Chem.  ISSe,  1604. 

1885:  16.  P.  EuLiscH.  Ueber  die  Einwirkung  des  Phosphorwasser- 
stoffs  auf  Metallsalzlosungen.  (No  definite  results  with  platinuin 
salts,  p.  355.)  Pt. 

Ann.  Chem.  (Liebig),  231  (1885),  327. 
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1885:  17.    H.  Schipp.     Palladinm-Wasserstoff  als  VorlesungsverBUch. 

Pd. 

Ber.  18  (1885),  1727;  J.  Chem.  Soc.  48  (1885),  1035;  Jsb.  Chem. 
1885,  354. 

1885:  18.  E.  Dehab(;ay.  Sur  tine  reaction  color6e  du  rhodium.  (With 
Boditun  hypochlorite.)  Rh. 

C.  R.  101  (1885),  951;  Bui.  soc.  chim.  [2],  45  (1886),  260;  Chem. 
News,  52  (1885),  263;  J.  Chem.  Soc.  50  (1886),  125;  Jsb.  Chem. 
1885, 1943;  J.  Amer.  Chem.  Soc.  8  (1886),  56. 

1885:  19.    J.  A.  Oboshans.     Sur  les  poids  sp^cifiques  des  cristaux  hy- 

drat^s^  ayant  des  formtdes  analogues  et  des  nombres  6gaux  de 

molecules  d'eau.     (Platinum  and  palladium  double  salts.)    Pt,  Pd. 

Rec.  trav.  chim.  de  Pays  Bas,  4   (1885),  236;  Phil.  Mag.   [5],  20 

(1885),  19,  191;  J.  Chem.  Soc.  50  (1886),  194;  Jsb.  Chem.  1885,  52. 

1885:  20.  F.  Eottgbb  and  H.  Pbecht.  Die  Bestimmung  geringer 
Mengen  Chlomatrium  neben  Chlorkalium.     (Durch  Chlorplatin.) 

Pt. 
Ber.  18  (1885),  2076;  Ztsch.  anal.  Chem.  25  (1886),  213;  26  (1887), 
728. 

.  1885:  21.  A.  D.  van  Eiemsdijk.  Sur  le  proc6d6  de  d'Arcet  pour  le 
dosage  du  platine  dans  son  alliage  avec  Fargent  ou  avec  Tor  et 
Fargent.     Sur  I'essais  par  voie  humide  de  Pargent  tenant  platine. 

Pt. 
Mededeel.  Lab.  Hijks.  Munt.  6  (1885);  Bee.  trav.  chim.  Pays  Bas, 
4  (1885),  263;  Chem.  Centrbl.  1885,  952;  Jsb.  Chem.  1885,  1942; 
Chem.  Ztg.  9  (1885),  1854. 

1885:  22.  L.  EIbitschewsky  (and  Sghwabzenbach).  Ueber  die  An- 
wendung  des  metallischen  (d.  h.*  von  Palladium  absorbirten)  Was- 
serstoffs  in  der  analytisehen  Chemie.    Inaug.  Diss.^  Bern,  1885. 

Pd,Pt. 

ztsch.  anal.  Chem.  25  (1886),  374;  J.  Chem.  Soc.  50  (1886),  1071. 

1885:  23.  N.  W.  Pebbt.  Iridium:  its  occurrence,  fusion,  electroplat- 
ing, and  applications  in  the  arts.  (Bibliography  of  Iridium.  Sch. 
of  M.  Quar.  6  :  114;  Chem.  News,  51 :  32.)  Ir,  Os. 

School  of  Mines  (N.  Y.)  Quart.  6  (1885),  97;  Chem.  News,  51 
(1885),  1,  19,  31,  214,  298;  Chem.  Centrbl.  1885,  814;  J.  Chem. 
Soc.  48  (1885),  4C2;  Jsb.  Chem.  1885,  2044;  J.  Amer.  Chem.  Soc. 
7  (1885),  66;  Chem.  Ztg.  9  (1885),  435. 

1885:  24.    Johnsok,  Matthet  &  Co.    The  fusion  and  working  of  iri- 
dium.    (With  phosphorus.)  Ir. 
Chem.  News,  51  (1885),  71;  Jsb.  Chem.  1885,  2045. 
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1886:  25.    .    Iridium.    (Note  on  its  use,  etc.)  Ir. 

Sclent.  Amer.  52  (1885),  115;  from  Chemist  and  Dni^.;  Bepert. 
anaL  Chem.  5  (1885),  254. 

1885:  26.     ,     (A    eopper-zinc-platinum    alloy    reBembling 

gold.)  Pt. 

Techniker,  8  (1885),  199;  Chem.  CentrbL  1885,  813;  Jab.  Chem. 
1885,  2048. 

1885:  27.     H.    Roessler.     Tiegelschmelzofen   mit    LuftTorwarmung. 
(For  melting  platinum-gold  alloys.)  Pt. 

DingL  poL  J.  257  (1885),  153. 

1885:  28.    J.  W.  Pratt.     Soldering  and  repairing  platinum  vessels  in 
the  laboratory.  Pt 

Chem.  News,  51  (1885),  181,  248;  Ber.  18  (1885),  320;  Ding:L  poL  J. 
258  (1885),  74;  Jsb.  Chem.  1885,  1999;  Chem.  Zig.  9  (1885),  713: 
J.  Amer.  Chem.  Soc.  7  (1885),  150. 

1885:  29.  G.  T.  H.  Repairing  platinum  vessels.  (Claim  of  prioritr 
over  J.  W.  Pratt.)  Pt. 

Chem.  News,  51  (1885),  239. 

1885:  30.    J.  Bosscha  (and  A.  C.  Oudbmans).   Relation  des  experiences 

qui  ont  servi  k  la  construction  de  deux  metres  ^talons  en  platine 

iridic,  compares  directment  avec  le  Mitre  des  Archives.     Note  IL 

A.  C.  Oudemans:  Analyse  du  m6tal  des  rfegles,  2, 112.    Pt,  Ir  (RuK 

Ann.  r£cole  Polyt.  Delft.  1  (1885),  65;  2  (1886),  1. 

1885:  81.  J.  S.  Stas.  Comit6  international  des  poids  et  m^ures.  (Use 
of  platinum  iridium  for  standards  of  weights  and  measures.) 

Ft,  It. 
J.  pharm.  chim.  [5],  12  (1885),  45;  Chem.  News,  52  (1885),  71. 

1885:  32.  C.  de  la  Harpe.  Triangle  en  platine  pouvant- servir  k  des 
creusets  de  dimensions  diflf^rents.  Pt. 

BuL  80C.  Mulhouse,  55  (1885),  249;  Chem.  Ztg.  9  (1885),  1209. 

1885:  33.  L.  Scharnweber.  Kohlenhalterspitze  fiir  elektrische  Bo- 
genlampen,  aus  Osmiridium,  Platin  oder  Platiniridium.  D.  R 
Patent  No.  35395,  July  12,  1885.  Pt,  Ir,  (K 

Dingl.  pol.  J.  261  (1886),  314. 

1885:  34.    .    Cruto's  Gliihlampe.     (Of  platinum.)  Pt. 

DingL  poL  J.  256  (1885),  353. 

1885:  35.    H.  Roessler.    (Yerwendung  von  Metalllosungen  zum  Far- 
ben  von  Thonwaaren.)  Pd,  Ir,  Pt. 
Sprechsaal,  1885,  385;  DingL  poL  J.  258   (1885),  275;  Jsb.  Chem. 
1885,  2112. 
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1885:  36.    H.  F.  Bead.     (Use  of  fine  platinum  wire  for  cross  in  tele- 
scopes.) Pt. 
Polyt.  NotizbL  40  (1885),  223;  from  Mining  and  Sci.  Press;  Chem. 
CentrbL  1885,  832;  Jsb.  Chem.  1885,  2044;  Bepert.  anaL  Chem.  5 
(1885)„414. 

1885:  37.    F.  Larroque.     (Use  of  palladium-hydrogen  in  photophone.) 

Pd. 
LumiSre  Electrique,  18  (1885),  532;  DingL  poL  J.  261  (1885),  475. 

1885:  38.  C.  A.  Needham.  Platiridruck.  (Very  full  description  of 
this  method  in  photography.)  Pt. 

Photog.  Arch.  26  (1885),  17;  Chem.  CentrbL  1885,  156;  Jsb.  Chem. 
1885,  2261. 

1885:  39.  M.  Traube.  Ueber  die  Mitwirkung  des  AVassers  bei  der 
langsamen  Verbrennung  des  Zinks,  Bleis,  Eisens^  und  Palladium- 
wasserstoflfs.  Pd. 

Ber.  18   (1885),  1877;  J.  Chem.  Soc.  48   (1885),  1105;  Jsb.  Chem. 
1885,  365;  J.  Soc.  Chem.  Ind.  4  (1885),  675. 

1885:  40.  H.  Knoblauch.  Ueber  zwei  neue  Verfahren,  den  Polarisa- 
tionswinkel  der  Metalle  zu  finden.  Pd,  Pt. 

Ann.  der  Phys.  (Pogg.)  [2],  24  (1885),  258;  Jsb.  Chem.  1885,  336. 

1885:  41.  A.  Schleiermacher.  Ueber  die  Abhangigkeit  der  Warme- 
strahlung  von  der  Temperatur  und  das  Stefan'sche  Gesetz. 
(Warmestrahlung  des  Platins.)  Pt. 

Ann.  der  Phys.  (Pogg.)  [2],  26  (1885),  287;  Jsb.  Chem.  1885,  125. 

1885:  42.     D.  Konowalow.     Ueber  die  RoUe  der  Contactwirkung  bei 
den  Erscheinungen  der  Dissociation.     (Action  of  platinum.)     Pt. 
Ber.  18  (1885),  2808;  J.  Chem.  Soc.  50  (1886),  9;  Jsb.  Chem.  1885, 
224. 

1885:  43.    J.  Trowbridge.    A  standard  of  light.     (Platinum  unit.) 

Amer.  J.  Sci.  [3],  30  (1885),  128;  Jsb.  Chem.  1885,  301.  Pt. 

1885:  44.    F.  Bellamy.    Action  de  quelques  m6taux  [platine]  sur  la 

melange  d'ac6tylene  et  d'air.  Pt. 

C.  B.  100  (1885),  1460;  J.  Chem.  Soc.  48  (1885),  951;  Jsb.  Chem. 

1885,  665;  Chem.  News,  52  (1885),  82;  J.  de  Pharm.  [5],  12  (1885), 

55. 

1885:  45.    H.  Tomlinson.    The  influence  of  stress  and  strain  on  the 

physical  properties  of  matter.     The  alteration  of  the  electrical 

conductivity  of  .  .  .  platinum-iridium  by  longitudinal  traction. 

Proc.  Roy.  Soc.  London.  39  (1885),  503;  Jsb.  Chem.  1886,  249.    Pt,  Ir. 

14 
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1885:  46.    L.  Cailletet  and  E.  Bouty.     Sur  la  conductibilite  elec- 
triqne  du  mercure  solide  et  des  m6taux  purs  aux  basses  tempera- 
tures.    (Platinum.)  Pi. 
C.  R.  100  (1885),  1188;  J.  Chem.  Soc.  48  (1885),  855;  Jsb.  Chem. 
1885,  257. 

1886:  1.  G.  C.  Hoffman.  Native  platinum  from  Canada  (British  Co- 
lumbia). (With  analysis.)  Pt,  Pd,  Rh,  Ir.  On 
Trans.  Roy.  Soc.  Canada,  5  (1887),  3,  17;  Rept.  Geol.  Surr.  Cm.  t 
(1886),  5;  Amer.  J.  Sci.  [3],  35  (1888),  257;  Chem.  CentrbL  1?-^, 
679;  J.  Chem.  Soc.  56  (1889),  109;  Neues  Jahrb.  f.  Min.  26.  if 
(1888),  Ref.  386;  Ztsch.  Kryst.  15  (1888),  128;  Jsb.  Cbem.  1^S^ 
659;  Chem.  Ztg.  13  (1889),  Rep.  11. 

1886:  2.  J.  NoAD.  Improvements  relating  to  the  extraction  or  separa- 
tion of  gold,  silver  and  platinum  from  ores  and  other  substance*, 
or  products  containing  such  metals.  Engl,  patent  6810,  Maj  2«'. 
1886.     (Coat  with  iron  and  remove  with  a  magnet.)  P:. 

J.  Soc.  Chem.  Ind.  6  (1887),  516. 

1886:  3.    E.  Prost.     Sels  du  platine,  simples  et  doubles.     (Xitrate?, 

oxides,  chlorates,  sulfates.)  Pi. 

Bui.  Acad.  Belg.  [3],  11  (1886),  414;  Ber.  19  (1886),  666;  BnL  sex. 

chim.  [2],  46  (1886),  156;  Chem.  News,  54  (1886),  213;  J.  Chem. 

Soc.  50  (1886),  987;  Jsb.  Chem.  1886,  489;  J.  Amer.  Chem.  Soc  > 

(1886),  176;  Chem.  Ztg.  10  (1886),  Rep.  195. 

1886:  4.     F.  P.  Miles.     On  the  formation  of  platinum  silicide.  P-. 

Amer.  Chem.  J.  8  (1886),  428;  J.  Chem.  Soc.  52  (1887),  450;  J&b, 
Chem.  1886,  494. 

1886:  5.  W.  Gibbs.  Further  researches  on  complex  inorganic  acic?. 
(Platinoarsenates,  tungstates  and  molybdates.)  Pr. 

Amer.  Chem.  J.  8  (1886),  289;  J.  Chem.  Soc.  52  (1887),  113:  Jsb, 
Chem.  1886,  493. 

1886:  6.     T.  Wilm.     (Ueber  Alkaliplatincyanlire.)  Pi. 

J.  Russ.  Chem.  Soc.  18,  i  (1886),  376;  Ber.  19  (1886),  950;  BuL  soo. 
chim.  [2],  50  (1888),  281;  J.  Chem.  Soc.  50  (1886),  604:  Jsb. 
Chem.  1886,  490;  Chem.  Industrie,  10  (1887),  59. 

1886:  7.     T.  Wilm.     (Ueber  Haloidadditionproducte  von  Kaliumplatic- 

cyaniire.)  p. 

J.  Russ.  Chem.  Soc.  18,  i  (1886),  181,  402;  Ber.  19  (18S6),  959;  BuL 

soc.  chim.  [2],  46   (1886),  826;  50  (1888),  281;  J.  Chem.  Soc  h> 

(1886),  605;  Jsb.  Chem.  1886,  492. 

1886:  8.     S.  M.  Jorgensbn.     Zut  Constitution  der  Platinbasen.         P- 
J.  prakt.  Chem.  [2],  33  (1886),  489;  Ber.  19  (1886),  529;  J.  ChenL 
Soc.  50  (1886),  857;  Jsb.  Chem.  1886,  1601. • 
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1886:  9.     S.  M.  J6rgensen.     Beitrage  znr  Chemie  der  Rhodiumam- 

moniakyerbindungen.  Bh. 

J.  prakt.  Chem.  [2],  34  (1886),  394;  Ber.  20  (1887),  7;  Chem.  News, 

54  (1886),  298;  J.  Chem.  Soc.  52  (1887),  113,  114;  Jsb.  Chem.  1886, 

494. 

1886:  10.  J.  D.  van  deb  Plaats.  Essai  de  calcul  des  poids  atomiques 
de  M.  Stas.  Pt,  Pd,  Ir,  Rh,  Ob,  Eu. 

Ann.  chim.  phys.  [6],  7  (1886),  499;  Ztsch.  anaL  Chem.  26  (1887), 
276. 

1886:  11.  H.  Le  Chatelier.  Platine  iridic.  Modification  allotro- 
pique.  Pt. 

Bnl.  soc.  chim.  [2],  45  (1886),  482. 

1886:  12.     G.  Foussereau.     Sur  la  decomposition  lente  des  chlorures 

dans  leuTs  dissolutions  ^tendues.     (Platinum  and  sodium-rhodium 

chlorid.)  Pt,  Bh. 

C.  B.  103  (1886),  248;  J.  Chem.  Soc.  50  (1886),  975;  Jsb.  Chem. 

1886,  271. 

1886:  13.  0.  Lehmann.  (Dissociation  of  magnesium  platinocyanid  in 
water.)  Pt. 

Ztsch.  Kryst.  12  (1886),  377;  Jsb.  Chem.  1886,  504. 

1886:  14.     C.   R.  Fresenits.    Trennung  des  .  .  .  Platins  von  Zinn, 

Antimon  und  Arsen.     (Qualitative.)  Pt. 

Ztsch.  anal.  Chem.  25  (1886),  200;  Ber.  19  (1886),  629;  J.  Chem. 

Soc.  50  (1886),  651;  Jsb.  Chem.  1886,  1951;  J.  Buss.  Chem.  Soc. 

18,  ii   (1886),  254;  Analyst,  11    (1886),  93;  Chem.  Industrie,  9 

(1886),  155;  Chem.  Ztg.  10  (1886),  Hep.  100. 

1886:  15.  P.  J.  DiKVELL.  Mode  rapide  de  siparer  de  platine  d'avec 
Tantimoine,  Tarsenique,  et  retain.  Pt. 

Bui.  soc.  chim.  [2],  46  (1886),  806;  Ber.  20  (1887),  341;  Chem. 
Centrbl.  1887,  97;  Dingl.  pol.  J.  263  (1887),  538;  Ztsch.  anal. 
Chem.  28  (1889),  701;  Jsb.  Chem.  1886,  1951;  J.  anaL  Chem. 
(Hart),  1  (18S7),  208;  Bepert.  anaL  Chem.  7  (1887),  248;  Analyst, 
12  (1887),  142;  J.  Soc.  Chem.  Ind.  6  (1887),  384;  Chem.  Ztg.  11 
(1887),  Hep.  4. 

1886:  16.  T.  Bailey.  On  the  analysis  of  alloys  and  minerals  contain- 
ing heavy  metals,  selenium,  tellurium,  etc.  (Separation  of  metals 
of  the  second  group.)  Pt. 

J.  Chem.  Soc.  49  (1886),  735;  Jsb.  Chem.  1886,  1950. 

1886:  17.    K.   Ulsch.    Notizen   zur  KjeldahPschen   Stickstoflfbestim- 
mungsmethode.     (Use  of  platinumchlorid  in  the  Kjeldahl  pro- 
cess.) Pt. 
Ztsch.  gesammt.  Brauwesen,  1886,  81;  Chem.  Centrbl.  1886,  375; 

1887,  284;  J.  Chem.  Soc.  52  (1887),  863;  Jsb.  Chem.  1886,  1954. 


212  BIBLIOGBAPHY  OP  METALS  OF  THE  PLATINUM  OBOUP 

1886:  18.    p.  Hoppe-Setleb.    TJeber  die  Oahrung  der  Cellulose  mit 

Bildung  von  Methan  und  Kohlensaure.     (Separation  of  methan 

and  hydrogen  by  palladium,  p.  429.)  Pd  (R). 

Ztsch.  physioL  Chem.  10  (1886),  401;  11  (1887),  257;  J.  Chem.  Soc 

52  (1887),  618. 

1886:  19.    A.  Sudakoff.     (Use  of  palladium  asbestos  to  detect  hydro- 
gen.) Pd. 
Arch,  fiir  Hygiene,  5  (1886),  166. 

1886:  20.  P.  Casamajob.  A  platinum  filtering  bulb  for  Dr.  Carini- 
chaeFs  system  of  filtration.  R. 

Chem.  News,  53  (1886),  194;  J.  Amer.  Chem.  Soc.  8  (18S6),  17. 

1886:  21.  C.  A.  Paillabd.  Palladiumkupferlegirung.  (A  non-mag- 
netizable alloy  for  watches.)     D.  B.  Patent  38445,  May  11,  lSS<i. 

Pd(Pt,Rh), 

Ber.  20  (1887),  R.  179;  Chem.  CentrbL  1887,  471;  Din^L  poL  J.  264 

(1887),  634;  268   (1888),  189;  270  (1888),  143;  J.  Chem.  Soc  5f, 

(1889),  573;  Rev.  Indust.  1888,  127;  Ztsch.  chem.  Indnst.  1  (13$7). 

118;  Jsb.  Chem.  1888,  2659;  Repert.  anaL  Chem.  7  (1887),  46& 

1886:  22.  W.  A.  Thoms.  Improvements  in  the  deposition  of  platinum 
by  electricity.  Amer.  patent  367731;  Engl,  patent  10477,  Auc- 
16, 1886.  Pt. 

Chem.  Ztg.  11  (1887),  1026;  J.  Soc.  Chem.  Ind.  6  (1887).  518. 

1886:  23.  H.  H.  Lake.  Improvements  relating  to  the  uniting  of  plati- 
num or  silver  or  nickel  or  alloys  of  these  metals.  Engl,  patent 
1473,  Feb.  1,  1886.  Pt, 

J.  Soc.  Chem.  Ind.  6  (1887),  293. 

1886:  24.  W.  Banks  and  S.  Bribrley.  Platindraht,  gliihend  durch 
elektrischen  Strom,  zum  Sengen  von  Geweben.  D.  R.  Pateot 
38266,  July  19,  1886.  Pi. 

DingL  pol.  J.  263  (1887),  508. 

1886:  26.     E.  Vooel.     (Platin  in  photographic.)  Pt. 

Photog.  Mittheil.  23  (1886),  251,  325;  Dingl.  pol.  J.  264  (1887),  447: 
267  (1888),  221;  Jsb.  Chem.  1888,  2905. 

1886:  26.  Pionchon.  Sur  Tetude  calorim6trique  des  m6t-aui  aui 
hautes  temperatures.  (Specific  heat  of  platinum-iridium  and 
platinum-palladium  alloys.)  Pt,  Ir,  Pd. 

C.  R.  102  (1886),  675;  Jsb.  Chem.  1886,  184. 

1886:  27.     E.  Gbimaux.    Action  oxydante  du  noir  de  platine.  Pt. 

BuL  soc.  chim.  [2],  45  (1886),  481. 
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1886:  28.    T.  Ihmobi.    Ueber  die  Aufnahme  des  Quecksilberdampfes 
dnrch  Platinmohr.  R. 

Ann.  der  Phys.  (Pogg.)  [2],  28  (1886),  81;  Ber.  19  (1886),  382;  J. 
Chem.  Soc.  50  (1886),  766;  Jsb.  Chem.  1886,  468. 

1886:  29.    B.  Dessau.    Ueber  Metallschichten,  welche  durch  Zerstau- 
ben  einer  Kathode  entstehen.  Ft. 

Ann.  der  Phys.  (Pogg.)  [2],  29  (1886),  353. 

1886:  30.    E.  van  Aubel.    Note  siir  la  transparence  du  platine.       Pt. 
Bui.  Acad.  Belg.   [3],  11   (1886),  408;  Jsb.  Chem.  1886,  288;  1888, 
2728;  Chem.  Ztg.  12  (1888),  Rep.  21;  Repert.  f.  Phys.  23  (1887), 
537;  Dingl.  poL  J.  267  (1888),  239. 

1886:  31!    E.  van  Aubel.    Quelques  mots  snr  la  transparence  du  plat- 
ine et  des  miroirs  de  f er,  nickel,  cobalt,  obtenus  par  Electrolyse.  Pt. 
Bui.  Acad.  Belg.  [3],  12  (1886),  665;  Jsb.  Chem.  1886,  288;  J.  Soc. 
Chem.  Ind.  7  (1888),  215;  Chem.  Ztg.  12  (1888),  71. 

1886:  32.    E.  Warbubg  and  T.  Ihmobi.    Ueber  das  Gewicht  und  die 
TJrsache  der  Wasserhaute  bei  Glas  und  anderen  Korper.     (Plati- 
num.) Pt. 
Ann.  der  Phys.  (Pogg.)  [2],  27  (1886),  481;  Jsb.  Chem.  1886,  158. 

1886:  33.    F.    von    Hefnbb-Alteneck.     (Violle's    Platineinheit    des 
lichtes.)  ,  Pt. 

Joum.  f.  Gasbeleuchtung,  16  (1886),  3;  Dingl.  pol.  J.  262  (1886), 
25. 

1886:  34.    C.  6.  Kj^^ott.     On  the  electrical  properties  of  hydrogenized 
palladium.  Pd. 

Trans.  Roy.  Soc.  Edinb.  33  (1886),  171;  Ann.  der  Phys.  (Pogg.) 
Beibl.  12  (1888),  114;  Jsb.  Chem.  1888,  373. 

1886:  36.    W.  Peddie.     On  the  increase  of  electrolytic  polarization  with 
zinc.     (Besistance  of  platinum  electrodes.)  Pt. 

Proc.  Roy.  Soc.  Edinb.  14  (1886),  87,  221;  Ann.  der  Phys.  (Pogg.) 
Beibl.  12  (1888),  381;  Jsb.  Chem.  1888,  394. 

1886:  36.    E.  Dbechsel.     (Platinmohr  als  Electrode.)  Pt. 

Sep.  Abdruck,  Beitrag  f.  Physiol.  Ludwig  Festschrift,  Leipzig; 
Jsb.  Chem.  1886,  279. 

1886:  37.    Gautieb.     Couple  zinc-platine.  Pt. 

Bui.  soc.  chim.  [2],  45  (1886),  418. 

1886:  38.    W.  Case.    Transformation  of  heat  energy  into  electric  en- 

®rgy.      (Carbon,    platinum,     chloric    acid    element.)     Patents 

334346,  6,  7,  June  29, 1886.  R. 

N.  Y.  Elect.  Rev.  8   (1886),  3;  Electrotech.  Ztsch.  8  (1887),  506; 

Ann.  indust.  1887,  490;  Ann.  der  Phys.  (Pogg.),  Beibl.  12  (1888), 

120;  Dingl.  pol.  J.  267  (1888),  95;  Jsb.  Chem.  1888,  348. 
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1887:  1.     6.  M.  Dawson.    Mineral  wealth  of  British  Columbia:  plati- 
ntun  and  osmiridium.  Pt,  Ir,  0?, 

Ann.  Rept.  Geol.  Surv.  Canada,  3  (1887),  B.  104,  156. 

1887:  2.    C.  C.  Hutchins  and  E.  L.  Holden.    On  the  existence  of  cer- 
tain elements,  together  with  the  discovery  of  platinum  in  the  sun. 

Pi- 
Proc.  Amer.  Acad.  Sci.  23  (1887),  14;  Amer.  J.  Sci.  [3],  34  (ISsTu 
451;  J.  Chem.  Soc  52  (1887),  1065;  PhiL  Magr.   [5],  24  (1<S:^ 
325;  Jab.  Chem.  1887,  343. 

1887:  3.    B.  T.  Martin.     (Iridium  in  bullion  at  the  New  York  mint: 

from  Eeport  Director  Mint,  1885.)  Ir,  Os,  R,  Pd,  Rh,  Bf. 

Bergr  und  Hiitten  Ztg.  46  (1887),  255;  Chem.  CentrbL  1887,  llCiV 

Repert.  anal.  Chem.  7  (1887),  454;  Chem.  Industrie,  10  (iS^Tj. 

350. 

1887:  4.    H.  Malbot.     Sur  le  chlorhydrate  et  la  chloroplatinate  de  di- 
isobutylamine  et  le  chlorplatinate  de  triisobutylamine.  Pt. 

C.  R.  104  (1887),  366;  J.  Chem.  Soc.  52  (1887),  461. 

1887:  5.     S.  M.  JOboensen.     Beitrage  zur  Chemie  der  Kobaltamn:'> 
niakverbindungen.     (Chlorplatinates.)  Pr. 

J.  prakt.  Chem.  [2],  35  (1887),  417;  J.  Chem.  Soc.  52   (18S7),  775: 
Jsb.  Chem.  1887,  451. 

1887:  6.     E.  Pomey.     Sur  le  chlorure  phosphoplatineux.      (Phosph— 
platinous  propyl  ether.)  R. 

C.  R.  104  (1887),  364;  Chem.  Centrbl.  1887,  330;  Chem.  News,  r^ 
(1887),  117;  J.  Chem.  Soc.  52  (1887),  458;  Jsb.  Chem.  1887,  612. 

1887:  7.     H.  LCndahl.      Platinasulfinforeningar  af  normalbutvL  i>> 
butyl  och  benzyl.     (See  C.  W.  Blomstrand,  1888:  15.)  P:. 

Ars-skrift.  Univ.  Lund.  24,  ii  (1887-88),  4;  J.  prakt.  Chem.  [2],  :.^ 
(1888),  512;  Chem.  CentrbL  1889,  i,  189;  Jsb.  Chem.  1888,  2212. 

1887:  8.     F.  W.  Semmler.     Ueber  das  atherische  Oel  von  AlUum  ui» 

num  L.     (3.  Platinverbindungen  des  vinylsulfids,  p.  132.)         Pi. 

Ann.  Chem.  (Liebig),  241  (1887),  90;  J.  Chem.  Soc.  52  (1887),  lu>i'. 

1887:  9.     T.  Wilm.     (Kalium  platinocyanid.)     (Addition  products  witL 

nitric  acid,  hydrogen  peroxid,  etc.)  I't. 

J.  Russ.  Chem.  Soc.  19.  i  (1887),  243;  Ber.  20  (1887),  R.  313;  Chem. 

CentrbL  1887,  689;  Jsb.  Chem.  1887,  635;  Chem.  Ztg.  11  (lSS7i. 

874. 

1887:  10.     A.  Cossa.     Bicerche  sopra  le  proprieta  di  alcuni  comp<»?t: 

ammoniacali  del  platino.  Pt. 

Atti.   Accad.   Sci.    Torino,    22    (1887),    323;    Gazz.    chim-    itaL   17 

(1887),  1;  Ber.  20  (1887),  462;  Chem-  CentrbL  1887,  330;  J.  Chem. 


1887:  11.  L.  Beese.  Ueber  die  Einwirkung  von  Phtalsaureanhydrid 
auf  Amidosauren.  (ce-Leucinphtaloylsaures  Platodiammonium,  p. 
19.)  R. 

Ann.  Chem.  (Liebig),  242  (1887),  1;  J.  Chem.  Soc.  54  (1888),  148. 

1887:  12.     H.  Alexander.     Ueber  hydroxylaminhaltige  Platinbasen. 

Inaug.  Diss.  Konigsberg,  1887.  Ft. 

Ann.  Chem.   (Liebig),  246  (1888),  239;  Ber.  21   (1888),  594;  BuL 

soc.  chim.  [3],  2  (1889),  22;  Chem.  CentrbL  1887,  1254;  1888,  1027; 

J.  Chem.  Soc.  54  (1888),  425;  Jsb.  Chem.  1888,  661;  Chem.  Ztg. 

12  (1888).  Rep.  190. 

1887:  13.     W.  Dittmar  and  J.  McArthur.     Critical  experiments  on 

the  chloroplatinate  method  for  the  determination  of  potassium, 

rubidium  and  ammonium;  and  a  redetermination  of  the  atomic 

weight  of  platinum.     (Atomic  weight  of  platinum  =  195.5.)     Ft. 

J.  Soc.  Chem.  Ind.  6  (1887),  799;  Trans.  Roy.  Soc.  Edinb.  23  (1887), 

561;  Ber.  21   (1888),  412;  J.  Chem.  Soc.  54   (1888),  425;  Chem. 

CentrbL   1888,   302;  Ztsch.   anaL  Chem.   28    (1889),   761;   Ztsch. 

angew.  Chem.  1888,  79;  Ztsch.  physik.  Chem.  2  (1888),  553;  J. 

anaL  Chem.   (Hart),  2  (1888),  429;  Chem.  Ztg.  12  (1888),  Rep. 

142. 

1887:  14.     J.  H.  Debray.     Sur  quelques  alliages  cristallis^s  des  m6taux 

du  platine  et  de  Fetain.  Ft,  Rh,  Ir,  Ru,  Os. 

C.  R.  104  (1887),  1470;  Ber.  20  (1887),  454;  Bui.  soc.  chim.  [2],  48 

(1887),  648;  Chem.  CentrbL  1887,  780;  Chem.  News,  56  (1887), 

308;  J.  Chem.  Soc.  52  (1887),  779;  Jsb.  Chem.  1887,  612;  Ztsch. 

chem.  Indust.  1  (1887),  331;  Chem.  Ztg.  11  (1887),  Rep.  138. 

1887:  15.  J.  H.  Debray.  Note  sur  les  produits  d'alt^ration  de  quel- 
ques alliages  par  les  acides  .  (Alloys  of  platinum  metals  with  tin, 
etc.)  Ft,  Rh,  Ru,  Ir. 

C.  R.  104  (1887),  1577;  Bui.  soc.  chim.  [2],  48  (1887),  649;  Chem. 
CentrbL  1887,  840;  J.  Chem.  Soc.  52  (1887),  779;  Jsb.  Chem.  1887, 
613. 

1887:  16.  J.  H.  Debray.  Note  sur  les  residues  qui  resultent  de  Taction 
des  acides  sur  les  alliages  des  m6taux  du  platine.  Ft,  Os,  Ir,  Ru,Rh. 

C.  R.  104  (1887),  1667;  Bui.  soc.  chim.  [2],  48  (1887),  650;  Chem. 
News,  56  (1887),  23;  J.  Chem.  Soc.  52  (1887),  900;  Jsb.  Chem. 
1887,  615. 

1887:  16a.    E.  Maumene.    Alliages  de  platine,  fer,  et  cuivre.  Ft. 

Bui.  soc.  chim.  [2],  47  (1887),  39;  Ber.  20  R.  (1887),  342;  Chem. 
Centrbl.  1887,  139;  Chem.  News,  55  (1887),  81;  J.  Chem.  Soc, 
52  (1887),  778;  Chem.  Industrie,  10  (1887),  103. 
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1887:  17.  C.  M.  Guldbebo.  Metallernes  kritiske  Temperaturer.  (Crit- 
ical temperature  of  platinum  and  palladium,  theoretical.)    Pt,  Pd. 

Forh.  Vid.  Selsk.  Christiania,  1887,  4;  Ztsch.  physik.  Chem.  1 
(1887),  231. 

1887:  18.  E.  Duclaux.  Sur  les  actions  compart  de  la  chaleur  et  de 
la  lumi^re  solaire.     (On  platinum  chlorid.)  Pi. 

C.  B.  104  (1887),  294;  J.  Chem.  Soc.  52  (1887),  411. 

1887:  19.  V.  Meyeb.  Zur  Kenntniss  einiger  Metalle.  (Action  vf 
germanium  on  platinum.)  Pt. 

Ber.  20  (1887),  497;  Jsb.  Chem.  1887,  378. 

1887:  20.  S.  Cooke.  On  the  reducing  action  of  hydrogen  in  the  pres- 
ence of  platinum.  Pi. 

Proc.  PhiL  Soc.  Glasgow,  18  (1887),  285;  Chem.  News,  58  (ISSm, 
103;  J.  Chem.  Soc.  54  (1888),  1245;  Ztsch.  anal.  Chem.  28  (18>&U 
329;  Ztsch.  physlk.  Chem.  3  (1889),  239. 

1887:  21.  E.  H.  Keiseb.  On  the  combustion  of  weighed  quantitieg  « f 
hydrogen  and  the  atomic  weight  of  oxygen.  (Use  of  palladium- 
hydrogen  for  weighing  hydrogen.)  Pd. 

Amer.  Chem.  J.  10  (1888),  249;  Ber.  20  (1887),  2323;  22  (1889),  474: 
Chem.  News,  59  (1889),  262;  Ztsch.  anaL  Chem.  29  (1890),  247: 
Jsb.  Chem.  1887,  386;  1888,  98. 

1887:  22.  F.  Osmond  and  Wekth.  Sur  les  residues  que  Ton  extrait  des 
aciers  et  des  zincs  par  Faction  des  acides.  (Graphitx)idal  plates 
from  steel  are  explosive  even  when  no  platinum  is  in  the  steel. 
(Observ.  of  Faraday.)  Pt. 

C.  R.  104  (1887),  1800;  J.  Chem.  Soc.  52  (1887),  894;  Jsb.  Chem. 
1887,  616. 

1887:  23.  H.  N.  Wabben.  Detection  and  estimation  of  thallium  in 
platinum.  Pt. 

.  Chem.  News,  55  (1887),  241;  Ber.  20  (1887),  483;  Chem.  CentrbL 
1887,  875;  Dingl.  pol.  J.  264  (1887),  635;  J.  Chem.  Soc.  22 
(1887),  702;  Ztsch.  Chem.  Indust.  2  (1887),  38;  Repert,  anal. 
Chem.  7  (1887),  414;  Chem.  Ztg.  11  (1887),  Rep.  144. 

1887:  24.     T.   Rosenbladt.     Ueber   Scheidung   des    Quecksilber   und 

Palladiums  von  einander  und  von  Blei,  Kupfer  und  Wisinuth.  IM. 

Ztsch.  anal.  Chem.  26  (1887),  15;  Chem.  Centrbl.  1887,  152;  Chem. 

News,  55  (1887),  72;  Ber.  20  (1887),  396;  J.  Chem.  Soc.  52  (1h>:>. 

302;    Repert.    anal.    Chem.    7    (1887),   79;    Chem.    Industrie,   10 

(1887),  191;  Cnem.  Ztg.  11  (1887),  Rep.  51. 
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1887:  25.    G.  KBtfss  and  L.  Hofpman.     Untersuchung  liber  das  Gold. 

(IV.  Quantitative  Bestimmung  dee  Goldes  und  seine  Trennung  in 

Besonderen  von  den  Platinmetallen,  p.  66.)  Pt,  Pd. 

Ann.  Chem.  (Liebig),  238  (1887),  30;  J.  Chcm.  Soc.  52  (1887),  554; 

Ztsch.  anaL  Chem.  27  (1888),  66. 

1887:  26.    W.  Bettel.     Separation  of  gold  from  platinum  metals. 

Pt,  Pd. 
Chem.  News,  56  (1887),  133;  J.  Chem.  Soc.  52  (1887),  1084;  Chem. 
CentrbL  1887,  1362. 

1887:  27.    H.  Pibngruber.     Separation  of  platinum  from  gold  and 

other  rare  metals.     (Fusion  with  zinc.)        Pt,  Pd,  Ir,  Rh,  Os,  Ru. 

Eng.  and  Mining  J.  44  (1887),  256,  326;  Ber.  21  (1888),  312;  Berg 

und  Hiitten  Ztg.  47  (1888),  29;  Chem.  Centrbl.  1888,  84;  J.  Chem. 

Soc.   54   (1888),  656;  Ztsch.   chem.  Indust.   2   (1887),  306;  Jsb. 

Chem.  1888,  2560. 

1887:  28.    F.  Wyatt.     Separation  of  metals  from  platinum  ores.    (Re- 
ply to  H.  Pirngruber.)  Pt,  Pd,  Ir,  Rh,  Os,  Ru. 
Eng.  and  Mining  J.  44  (1887),  273;  Chem.  Ztg.  12  (1888),  Bep.  235. 

1887:  29.     C.  Reinhabdt.    Ueber  die  Aufschliessung  in  Sauren  unlos- 
licher  Platinleginingen.  Pt. 

Chem.  Ztg.  11  (1887),  52;  Chem.  CentrbL  1887,  230;  Chem.  Indus- 
trie, 10  (1887),  192;  J.  Soc.  Chem.  Ind.  6  (1887),  389. 

1887:  30.     E.  J.  HorsTOX.     On  palladium  alloys  in  watches.     (Pail- 
lard's  non-magnetizable  alloy.)  Pd. 
Proc.  Amer.   Phil.   Soc.   24    (1887),  419;   J.   Frank.  Inst.    [3],  95 
(1888),  161,  238;  Chem.  News,  58   (1888),  100;  Chem.  Centrbl. 
1888,  1329;  Dingl.  pol.  J.  270  (1888),  143;  Jsb.  Chem.  1888,  2659. 

1887:  31.    H.  Ostermann  and  A.  Prip.     Platinlegirung.    D.  R.  patent 
44473,  Dec.  18,  1887.  R. 

Ber.  21  (1888),  865;  Jsb.  Chem.  1888,  2659;  Chem.  Ztg.  12  (1888), 
1426. 

1887:  32.    .     Cheap  method  of  platinizing  metals.  Pt. 

Scient.  Amer.  56  (1887),  169;  from  Le  Genie  Civil;  Indust.  Blat. 
24  (1887),  207;  Chem.  Centrbl.  1887,  971. 

1887:  33.    W.  L.  Dudley.    Electro-deposition  of  iridium.     (Descrip- 
tion of  patent.)  Jr. 
Electrical  Rev.  20  (1887),  604;  Chem.  Ztg.  11  (1887),  Rep.  199. 

1887:  34.    .     [Description  of  platinum  mirror  on  glass  made 

by  Dod6  in  1865,  which  is  still  intact.]  Pt. 

Scient.  Amer.  57  (1887),  56;  from  La  Nature;  Repert.  anal.  Chem. 
7  (1887),  720. 
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1887:  35.    Bbioht  Platinum  Plating  Co.  (Lt.),  London.    Neuerung 

in  dem  Platinirverfahren  durch  Elektricitat.     D.  K.  patent  4241s, 

Feb.  3,  1887.  Pi. 

Ber.  21  (1888),  200;  Chem.  Industrie,  11  (1888),  229;  Ghem.  Zts, 

12  (1888),  321. 

1887:  36.  Eblich  und  Stobck.  Verfahren  zur  Herstellung  von  druck- 
fahig  Glanzplatin.     D.  R.  patent  44044,  June  30,  1887.  Pr. 

Ber.  21  (1888),  878. 

1887:  37.  Eblich  und  Stobck.  Neueningen  im  Verfahren  zur  Her- 
stellung von  .  .  .  Glanzplatin.  D.  B.  patent  46542,  Not.  2«\ 
1887.  P:. 

Ber.  22  (1889),  281. 

1887:  38.  H.  Schwabz.  Herstellung  venetianischer  Mosaiken  uci 
Glasstudien.     (Use  of  platinum  foil  on  "  Deckglaser.*')  Pt. 

Verb.  Ver.   Beford.   (Jewcrbfleiss,   1887,   204;   Dingl.   pol.  J.  267 
(1888),  326. 

1887:  39.     Himly,  Leiseb  und  Babdtholdt.    Verfahren  zur  Herstel- 
lung eines  farbenwechselnden  Ueberzuges.     (Magnesium  pktimv 
cyanid  as  sympathetic  ink.)     D.  B.  patent  42312,  May  6,  18St. 
Ber.  21  (1888),  205.  Pt- 

1887:  40.  K.  Kbaut.  Platinum  oder  Palladium  in  ammoniakhaltigem 
SauerstofF.     (Oxidation.)  Pt.P'i 

Ber.  20   (1887),  1113;  Amer.  J.  ScL   [3],  34    (1887),  64;  BuL  soc 
cbim.  [2],  48  (1887),  127;  J.  Cbem.  Soc.  52  (1887),  635. 

1887:  41.  T.  Ihmobi.  Ueber  die  Aufnahme  des  Wasserdampfes  durch 
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Ann.  der  Pbys.   (Pogg.),   [2],  31   (1887),  1006;  J.  Cbem.  Soc.  54 
(1888),  24;  Jsb.  Cbem.  1887,  101. 

1887:  42.  B.  H.  M.  Bosanquet.  On  the  production  of  sudden  change? 
in  the  torsion  of  a  wire  by  change  in  temperature.  (Platinum 
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Pbil.  Mag.  [5],  24  (1887),  160;  Jsb.  Chem,  1887,  jj26. 

1887:  43.  J.  Violle.  Comparaison  des  Energies  rayonn^es  par  le  plat- 
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C.  R.  105  (1887),  163;  Amer.  J.  Sci.  [3],  34  (1887),  227;  J.  Chem- 
Soc.  52  (1887),  1010;  Jsb.  Cbem.  1887,  342. 
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1887:  45.  H.  Haga.  Etude  exp&rimentale  sur  TefEet  thermo-61ec- 
trique,  d6couvert  par  Thompson.  (La  m^sure  de  la  convection 
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1887:  56.    W.  H.  Preece.     On  the  heating  effects  of  electric  cnrrents. 

Pt 

Proc.  Roy.  Soc.  London,  43  (1887),  280;  44  (1888),  109;  Jsb.  Chem. 
1888,  370. 
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544. 
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1888:  9.     M.  Weibull.     Combinaisons   platiniques  des  sulfures  alco- 
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1888:  14.     A.  Joly.     Sur  les  combinaisons  que  forme  le  bioxyde  d'azote 

avee  les  ehlororuth^nites  et  sur  le  poids  atomique  du  ruthemuin. 
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Chem.  Soc.  56  (1889),  230,  367,  368;  Jsb.  Chem.  1888,  2202,  220^ 
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1888:  16.    T.  Wilm.     (Zum  chemischen  Verhalten  des  Kaliumplatin- 

cyaniirs.)  Pt 
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soc.  chim.  [2],  50  (1888),  282;  Chem.  Centrbl.  1888,  825,  1167;  J. 
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(1888),  571;  Jsb.  Chem.  1888,  717. 

1888:  18.     H.  G.  S5derbaum.     Bidrag  till  kannedomen  om  platooiala- 
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Phil.  Mag.  [5],  25  (1888),  297;  Jsb.  Chem.  1888,  80. 

1888:  22.    E.   Schitrmann.     Ueber  die  Verwandschaft  der  Sehwefel- 
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1888:  23.    T.    Gerlach.      Specifische   Qewichte   wassriger   Losungen. 
(Platinumchlorid  solution,  p.  279.)  Pt. 

Ztsch.  anaL  Chem.  27  (1888),  271. 
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von  Salzen  aus  der  elektrischen  Leitfahigkeit  ihrer  wasserigen 
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98;  Jsb.  Chem.  1888,  244. 
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1888:  28.     C.  Barfoed.    Ueber  das  Verhalten  der  Quecksilberoxydul- 
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des  Mines,  1888,  Oct.;  Chem.  News,  59  (1889),  121;  J.  Soc  Chem. 
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1888:  35.    G.  Kassner.    Ueber  Aschenanalysen.    (Wetting  with  plat- 
inum chlorid.)  Pt. 
"P.  Ztg."  33  (1888),  781;  Chem.  Centrbl.  1889,  i,  144;  Jsb.  Chem. 
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1888:  39.  H.  N.  Morse  and  W.  M.  Burton.  On  the  supposed  disso- 
ciation of  zinc  oxide  and  the  condition  of  the  atmosphere  within  a 
platinum  vessel  heated  by  a  gas  flame.  Pt. 

Amer.  Chem.  J.  10  (1888),  148;  Chem.  News,  57  (1888),  175;  J. 
Chem.  Soc.  54  (1888),  652;  Ztsch.  Angew.  Chem.  1888,  331. 

1888:  40.    W.  Lenz.    Note  liber  ein  Platinfilter.  R. 

Ztsch.  anal.  Chem.  27  (1888),  573. 

1888:  41.     I.   Klemencic.     TJntersuchungen  liber  die  Eignung   des 

Platiniridiumdrahtes  und  andere  Legirungen  zur  Anfertigung 

von  Normalwiderstandeseinheiten.  Pt,  Ir. 

Sitzber.  Akad.  Ber.  97,  ii  (1888),  838;  Jsb.  Chem.  1888,  369;  Chem. 

Ztg.  12  (1888),  1080. 

1888:  42.     S.  P.  Thompson.    Galvanischer  Platiniiberzug.  Pt. 

Centrbl.  f.  Electrotech.  10  (1888),  802;  Ann.  der  Phys.  (Pogg.) 
Beibl.  13  (1889),  237;  Jsb.  Chem.  1889,  2625. 
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1888:  43.    P.  Bbaun.    Elektrisches  Pyrometer.  Pt. 

Elektrotech.  Ztsch.  9  (1888),  421;  Ztsch.  angew.  Ghem.  1888,  570; 
Jsb.  Chem.  1888,  371. 

1888:  44.  W.  von  TJljanin.  Ueber  die  bei  Beleuchtung  entstehende 
electromotorisehe  Kraft  im  Selen.  (Use  and  preparation  of  plat- 
inized glass,  p.  244.)  Pt. 

Ann.  der  Phys.  (Fogg.)  [2],  34  (1888),  241;  J.  Chem.  Soc.  54 
(1888),  883;  Jsb.  Chem.  1888,  365. 

1888:  46.    L.  Vidal  and  E.  Vogel.     (Platinum  in  photography.)      Pt. 
Jahrb.  f.  Photog.  1888,  385;  DingL  pol.  J.  267   (1888),  220;  Jsb. 
Chem.  1888,  2905. 

1888:  46.     Reynolds.     (Toning  with  platinum  chlorid.)  Pt. 

Photog.  Corresp.  25  (1888),  260;  from  BnL  Soc.  Fran^.;  Chem. 
Ztg.  12  (1888),  Hep.  172;  J.  Soc.  Chem.  Ind.  7  (1888),  588. 

1888:  47.    E.  Behkuh.    Die  elastische  Nachwirkung  bei  Silber,  Qlaa, 
•  Kupfer,  Gold  und  Platin,  insbesondere  die  Abhangigkeit  derselben 
von  der  Temperatur.  Pt. 

Ann.  der  Phys.  (Pogg.)  [2],  35  (1888),  476;  Jsb.  Chem.  1888,  73. 

1888:  48.  W.  C.  Eoberts- Austen.  On  certain  mechanical  properties 
of  metals,  considered  in  relation  to  the  periodic  law.  (Tensile 
strength  and  elongation.)  Pd,  Rh. 

Proc.  Boy.  Soc.  London,  43  (1888),  425;  Cliem.  News,  57  (1888), 
133;^  J.  Chem.  Soc.  56  (1889),  105;  Jsb.  Chem.  1888,  7;  Iron,  1888, 
462;*  J.  Soc.  Chem.  Ind.  8  (1889),  52. 

1888:  49.  C.  Babus.  Maxwell^s  theory  of  the  viscosity  of  solids  and 
certain  features  of  its  physical  verification.  (Viscosity  of  plati- 
num.) Pt. 

Amer.  J.  Sci.  [3],  36  (1888),  178;  PhiL  Mag.  [5],  26  (1888),  183; 
Jsb.  Chem.  isSS,  258. 

1888:  60.  J.  Trowbridge  and  W.  C.  Sabine.  Selective  absorption  of 
metals  (platinum  and  palladium)  for  ultra-violet  light.        R,  Pd. 

Proc.  Amer.  Acad.  Sci.  23  (1888),  299;  PhiL  Mag.  [5],  26  (1888), 
316;  Chem.  News,  58  (1888),  216;  Jsb.  Chem.  1888,  443;  J.  Chem. 
Soc.  56  (1889),  1. 

188S:  51.    H.  F.  Weber.    Beginn  des  Gliihens  fester  Korper.  Pt. 

Chem.  CentrbL  1888,  772;  Jsb.  Chem.  1888,  332. 

1888:  62.    E.  Liebenthal.     (Siemen's  Platinnormallampe.)  Pt. 

Electrot.  1888,  445;  Ztsch.  angew.  Chem.  1888,  609. 
15 
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1888:  53.     A.  Kundt.     Ueber  die  Brechungsexponenten  der  Metalle. 

(Platinum.)  Pt. 

Sitzber.  Akad.  Berlin,  1888,  255;  Ann.  der  Phys.  (Pogg.)   [2],  34 

(1888),  469;  PhU.  Mag.   [5],  26  (1888),  1;  Arch.  sci.  phys.  nat. 

[3],  20  (1889),  37;  J.  Chem.  Soc.  54  (1888).  997;  Jsb.  Chem.  1888^ 

424. 

1888:  54.    A.  Kundt.     Ueber  die  Aenderung  der  Lichtgesehwindigkeit 
in  den  Metallen  mit  der  Temperatur.     (Platinum.)  Pt. 

Sitzber.  Akad.  BerHn,  1888,  1387;  Ann.  der  Phys.  (Pogg.)   [2],  36 
(1889),  824;  J.  Chem.  Soc.  56*  (1889),  749. 

1888:  55.     C.  Babus.     Certain  generic  electrical  relations  of  the  alloys 
of  platinum.  Pt. 

Amer.  J.  Sci.  [3],  36  (1888),  427;  J.  Chem.  Soc.  56  (1889),  201. 

1888:  56.     C.  H.  Draper.     On  the  polarization  of  platinum  plates.     (In 
sulfuric  acid.)  R. 

PhiL  Mag.  [5],  25  (1888),  487;  Jsb.  Chem.  1888,  392. 

1888:  57.     C.  Fromme.     Ueber  das  Maximum  der  galvanischen  Polari- 
sation von  Platinelectroden  in  Schwefelsaure.  Pt. 
Anb.  der  Phys.  (Pogg.)  [2],  33  (1888),  80;  38  (1889),  362;  39  (1890), 
187;  J.  Chem.  Soc.  54  (1888),  390;  58  (1890),  316,  675;  Jsb.  Chem. 
1888,  292;  PhiL  Mag.  [5],  28  (1889),  495. 

1888:  58.     F.  Exner  and  J.  Tuma.     Studien  zur  chemischen  Theorie 

des  galvanischen  Elementes.     (Potential  difference  with  different 

solutions  and  platinum  electrodes.)  Pt. 

Monatsb.  der  Chem.  9  (1888),  903;  J.  Chem.  Soc.  56  (1889),  456; 

Sitzber.  Akad.  Wien,  97,  ii  (1888),  917;  Jsb.  Chem.  1888,  350. 

1888:  69.    G.  Gore.    Effect  of  chlorine  on  the  electromotive  force  of  a 
voltaic  couple  (of  platinum-magnesium). 

Proc.  Roy.  Soc.  London,  44  (1888),  151;  Chem.  News,  57  (1888), 
184;  J.  Chem.  Soc.  56  (1889),  90;  Jsb.  Chem.  1888,  353. 

1888:  60.    E.  Wiedemann  and  H.  Ebbrt.    Ueber  electrische  Entla^ 
dung  in  Gasen  imd  Flammen.     (With  platintun  electrodes.)      Pt. 
Ann.  der  Phys.  (Pogg.)  [2],  35  (1888),  209;  Jsb.  Chem.  1888,  40. 

1888:  61.    E.  Nahrwold.  Ueber  die  Electricitatsentwicklung  an  einem 
gliihenden  Platindraht.  Pt. 

Ann.  der  Phys.    (Pogg.)    [2],  35   (1888),  107;  J.  Chem.   Soc   54 
(1888),  1231;  Jsb.  Chem.  1888,  343. 

1888:  62.    H.  Jahn.    Experimentalimtersuchungen  iiber  die  an   der 

Grenzflache  heterogener  Leiter  auftretenden  loealen  Warmeer- 

scheinimgen.     (Peltier^s  effect.)  Pt. 

Ann.  der  Phys.  (Pogg.)  [2],  34  (1888),  755;  Sitzber.  Akad.  Wien, 

97,  ii  (1888),  546;  Jsb.  Chem.  1888,  357. 
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H.  L.  Wells.     Sperrylite,  a  new  mineral.     (Arsenid  of 
1889:  1.     ^      platinum.)  Pt,Eh,Pd. 

S.  L.  Penfibld.     On  the.  crystalline  fonn  of  sperrylite. 
Amer.  J.   Sci.    [3],  37   (1889),  67;  J.  Chem.  Soc.   56    (1889),  471; 
Chem.  CentrbL  1889,  i,  303;  Jsb.  Chem.  1889,  588. 


1889:  2.    F.  W.  Clarke  and  C.  Catlett.    A  platiniferous  nickel  ore 

from  Canada.  ^  Pt. 

Amer.  J.  Sci.   [3],  37  (1889),  372; 'j.  Chem.  Soc.  56   (1889),  835; 

Chem.  CentrbL  ;  Chem.  News,  59   (1889),  294;  J.  Soc. 

Chem.  Ind.  8  (1889),  314. 

1889:  3.     G.  C.  Hoffmann.    Annotated  list  of  the  minerals  occurring  in 
Canada.     (Iridosmine,  p.  87;  native  platinum,  95;  sperrylite,  100.) 

Ir,  Os,  Pt. 
Trans.  Boy.  Soc.  Canada,  7  (1889),  3,  65;  Berg  und  Hiitten  Ztg. 
48  (1889),  62;  Chem.  CentrbL  1889,  i,  450. 

1889:  4.    .     Statistiqne  de  Tindnstrie  min6rale  de  Bussie  en 

1886.  Pt. 

Ann.  des  Mines  [8],  16  (1889),  593. 

1889:  6.    E.  H.  Keiser.    Eedetermination  of  the  atomic  weight  of 

palladium  (106.351,  H  =  1).  Pd. 

Amer.  Chem.  J.  11  (1889),  398;  Chem.  Centrbl.  1889,  ii,  245;  Chem. 

News,   59    (1889),   262;  J.   Chem.   Soc.   58    (1890),    17;   J.   anal. 

Chem.  (Hart),  4  (1890),  106;  J.  Frank.  Inst.  [3],  97  (1889),  298; 

Ztsch.  physik.  Chem.  3  (1889),  611;  Jsb.  Chem.  1889,  120. 

1889:  6.    L.  Pigeon.     Sur  le  chlorure  platinique.     (Action  of  selen- 
ium and  chlorin  on  platinum,  palladium,  iridium,  and  ruthenium.) 

Pt  (Pd,  Ir,  Eu). 
C.  B.  108  (1889),  1009;  Ber.  22  (1889),  387;  Bnl.  soc.  chim.  [3],  3 
(1890),  365;  Chem.  Centrbl.  1889,  ii,  69;  J.  Chem.  Soc.  56  (1889), 
834;  Chem.  Ztg.  13  (1889),  Bep.  162;  Jsb.  Chem.  1889,  592. 

1889:  7.    G.  Rousseau.    Sur  la  formation,  aux  temperatures  ^levees, 
des  platinates  alcab'ns  et  alcalins-terreux  cristallis^s.  Pt. 

C.  B.  109  (1889),  144;  Ber.  22  (1889),  651;  Bui.  soc.  chim.  [3],  3 
(1890),  363;  Chem.  Centrbl.  1889,  ii,  400;  Chem.  News,  60  (1889), 
72;  J.  Chem.  Soc.  56  (1889),  1125;  Chem.  Ztg.  13  (1889),  Bep. 
21^5;  Jsb.  Chem.  1889,  590. 

1889:  8.    H.  Moissan.    Preparation  et  propri6t6s  du  fluorure  de  platine 

anhydre.  Pt. 

Ann.  chim.  phys.   [6],  24  (1891),  282;  J.  Bnss.  Chem.  Soc.  22,  ii 

(1890),  43;  J.  Soc.  Chem.  Ind.  9   (1890),  186;  Jsb.  Chem.  1889, 

593;  C.  B.  109  (18S9),  807;  Bui.  soc.  chim.   [3],  5   (1891),  454; 

Amer.  J.  Sci.   [3],  :^9   (1890),  315;  Ber.  23  B.   (1890),  11,  24  B. 
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(1891),  386;  Chem.  CentrL  1890,  i,  86;  Chem.  News,  60  (1889), 
291;  J.  Chem.  Soc.  58  (1890),  217;  60  (1891),  1433;  Chdm.  Ztfir- 
13  (1889),  Rep.  354. 

1889:  9.    A.  Joly.    Sut  les  combinaisons  nitrostes  du  ruth6nitini.     Btu 
C.  B.  108  (1889),  854;  Ber.  22  (1889),  385;  Chem.  CentrbL  1889,  i, 
743;  Chem.  News,  59  (1889),  236;  J.  Chem.  Soc.  56  (1889),  678; 
Chem.  Ztg.  13  (1889),  Rep.  139;  Jsb.  Chem.  1889,  597. 

1889:  10.    A.  Joly.    Snr^le   poids  atomique  du  ruthenium   (101.4, 
0  =  16).  Ru. 

C.  B.  108  (1889),  946;  Ber.  22  (1889),  386;  Bui.  soc.  chim.  [3],  3 
(1890),  345;  Chem.  Centrbl.  1889,  ii,  69;  Chem.  News,  59  (1889), 
265;  J.  Chem.  Soc.  56  (1889),  835;  Ztsch.  anal.  Chem.  31  (1892), 
364;  J.  anaL  Chem.  (Hart),  3  (1889),  352;  Chem.  Ztg.  13  (1889), 
Rep.  161;  Jsb.  Chem.  1889,  121. 

1889:  11.    A.  Joly.     Sur  les  combinaisons  ammoniacales  du  ruthenium. 
(And  chloroplatinate.)  Ru,  Pt. 

C.  B.  108  (1889),  1300;  Ber.  22  (1889),  545;  Chem.  CentrbL  1889,  ii, 
245;  Chem.  News,  60  (188»),  25;  J.  Chem.  Soc.  56  (1889),  948; 
Chem.  Ztg.  13  (1889),  Bep.  194;  Jsb.  Chem.  1889,  599. 

1889:  12.    A.  Joly  and  M.  Vezes.     Sur  quelques  azotites  doubles  de 
ruthenium  et  de  potassium.  Bo. 

C.  B.  109  (1889),  667;  Ber.  23  (1890),  11;  Chem.  CentrbL  1889,  ii, 
968;  Chem.  News,  60  (1889).  257;  J.  Chem.  Soc.  58  (1890),  17; 
Jsb.  Chem.  1889,  601. 

1889:  13.    T.  Wilm.     (Ueber  das  Chloradditionsproduct  von  Kalium- 
platincyanlir.)     (And  ammonium  derivatives.)  Pt. 

J.  Buss.  Chem.  Soc.  21,  i  (1889),  346,  436;  Ber.  22  (1889),  1542;  BuL 
soc.  chim.  [3],  2  (1889),  615;  Chem.  CentrbL  1889,  ii,  314;  J. 
Chem.  Soc.  56  (1889),  951;  Jsb.  Chem.  1889,  594. 

1889:  14.    W.   Palmaeh.    Ueber  die   Iridiumammoniakverbindungen. 

It. 
Oefversigt  Akad.  Forh.  Stockholm,  46  (1889),  355;  48  (1891),  417; 
Ber.  22  (1889),  15;  23  (1890),  3810;  24  (1891),  2090;  BnL  soc 
chim.  [3],  1  (1889),  366;  5  (1891),  590;  6  (1891),  730;  Chem. 
CentrbL  1889,  i,  277;  1891,  1,  309,  372;  J.  Chem.  Soc.  56  (1889), 
352;  60  (1891),  402,  1165;  J.  Buss.  Chem.  Soc.  23,  u  (1891),  61, 
160;  Jsb.  Chem.  1889,  596. 

1889:  15.     S.  M.  Jorgensen.    Ueber  Metalldiaminverbindungen  (des 

Platins  und  des  Khodiums).  Pt,  Bh. 

J.  prakt.  Chem.   [2],  39  (1889),  1;  Ber.  22  (1889),  245;  Bui.  soc 

chim.  [3],  2  (1889),  826;  Chem.  CentrbL  1889,  i,  214;  Jsb.  Chem. 

1889,  1949. 


BIBLIOGRAPHY   OF  METALS   OF  THE   PLATINUM   GBOUP  229 

1889:  16.    J.   ViOLLE.     Sur  Talliage  du  kilogramme.     (Platinum-iri- 
dium.)  Pt,  It. 

C.  K.  108  (1889),  894;  Chem.  Centrbl.  1889,  i,  807. 

1889:  17.    P.  SiLOW.    Ueber  die  Leginingen.     (Theoretical  concerning 
gold-platinum.)  Pt. 

Ztsch.  physik.  Chem.  3  (1889),  605;  Jsb.  Chem.  1889,  70. 

1889:  18.    H.  N.  Warren.    The  action  of  silicon  on  the  metals  gold, 

silver,  platinum  and  mercury.  Pt. 

Chem.  News,  60   (1889),  5;  Ber.  22  (1889),  654;  Chem.  CentrbL 

1889,  ii,  284;  J.  Chem.  Soc.  56  (1889),  1125;  Chem.  Ztg.  13  (1889), 

Rep.  215;  Jsb.  Chem.  1889,  589. 

1889:  19.    W.    Ostwald.    Zut    Dissociationstheorie    der    Elektrolyte. 
(Sodium  chloroplatinate,  p.  596.)  Pt. 

Ztsch.  physik.  Chem.  3  (1889),  588. 

1889:  20.    C.  Winkler.    Beitrage  zur  technischen  Gasanalyse.    (Use 
of  palladium  chlorid  for  detection  of  carbon  monoxid.)  Pd. 

Ztsch.  anal.  Chem.  28  (1889),  269;  J.  Soc.  Chem.  56  (1889),  924. 

1889:  21.    K.  Jahn.    Ueber  synthetische  Bildung  von  Formaldehyde. 
(By  action  of  palladium-hydrogen  on  carbon  monoxid.)  Pd. 

Ber.  22  (1889),  989;  Jsb.  Chem.  1889,  1468. 

1889:  22.    H.  von  Juptner.     (Veraschen  in  Platintiegel.)  R. 

Chem.  ztg.  13  (1889),  1303;  Chem.  Centrbl.  1889,  ii,  1011. 

1889:  23.    .     (Glas  zu  platiniren.)  '  Pt. 

Sprechsaal,  22  (1889),  No.  3;  DingL  poL  J.  271  (1889),  528;  Jsb. 
Chem.  1889,  2691. 

1889:  24.    M.  Traube.    Zur  Lehre  von  der  Autoxydation.     (Action  of 
palladium  hydrogen.)  Pd,  Pt. 

Ber.  22  (1889),  1496,  3057;  J.  Chem.  Soc.  56  (1889),  937;  Jsb.  Chem. 
1889,  384. 

1889:  25.    P.  Hoppe-Seylbr.    Ueber  die  Activirung  des  Sauerstoffs 
durch  Wasserstoff.     (Eeply  to  M.  Traube.)  Pd. 

Ber.  22  (1889),  2215. 

1889:  26.    M.  Thoma.    Ueber  die  Absorption  von  Wasserstoff  durch 
Metalle.  Pd. 

Ztsch.  physik.  Chem.  3  (1889),  69;  Ber.  22  (1889),  184;  J.  Chem. 
Soc.  56  (1889),  568;  Chem.  News,  60  (1889),  25;  Phil.  Mag.  [5],  28 
(1889),  351;  Ann.  der  Phys.  (Pogg.)  Beibl.  13  (1889),  529;  Jsb. 
Chem.  1889,  342. 


platine.  R. 

Soc.  hongroise  sci.  nat.  Oct.  12,  1889;  Bui.  soc.  chim.  [3],  2  (1889), 
738;  J.  Chem.  Soc.  58  (1890),  447. 

1889:  28.    .     (Platinuranotypie.)  Pt. 

Brit.  J.  Phot.;  Phot.  Mittheilung,  25  (1889),  303;  Chem.  Ztg.  13 
(1889),  Bep.  68. 

1889:  29.    K.  Puchs.     (TJeber  Idebreich's  toten  Raum  und  das  Gliihen 
des  Platins  in  Alkoholdampf .)  Pt. 

,Chem.  Ccntrbl.  1889,  ii,  176;  from  Rcpert.  d.  Physilc 

1889:  30.    F.  von  Bruhl.     (Platinum  in  photography.)  R. 

Phot.  Archiv,  1889,  154;  Dingl.  pol.  J.  274  (1889),  34. 

1889:  31.    J.  ScHNAUSS.     Pizzighelli's  neues  Platinpapier.     (For  pho- 
tography.) Pt. 
Chem.  Ztg.  13  (1889),  390. 

1889:  32.    .     (Kalte  Platinentwicklung.)  Pt 

Brit.  J.  Phot.;  Phot.  Wochenbl.  15  (1889),  25;  Chem.  Ztg.  13  (1889), 
Bep.  52. 

1889:  33.     J.  M.  Edeb.     TJeber  die  Fortschritte  der  Photographie  imd 
der  photomechanischen  Druckverfahren.  Pt. 

Dingl.  pol.  J.  274  (1889),  34;  Jsb.  Chem.  1889,  2876. 

1889:  34.    .     Neues  Platintonverfahren.  Pt. 

Bui.  Boc.  phot.  Frang.;  Phot.  Nachr.  1  (1889),  166;  Chem.  Ztg.  13 
(1889),  Bep.  360. 

1889:  35.     C.  E.  Crawford.     An  improved  method  of  deciding  the 
correct  exposure  of  platinotype  printing  and  an  apparatiis  there- 
for.   Engl,  patent  10504,  June  28,  1889.  Pt 
J.  Soc.  Chem.  Ind.  9  (1890),  651. 

1889:  36.     P.  Mercier.     Sur  une  methode  gen^rale  de  virage  des  6pre- 

uves  photographiques  aux  eels  d'argent,  au  platine  et  aux  m^taux 

du  groupe  du  platine.  Pt,  Ir,  Os. 

C.  B.   109   (1889),  949;  J.  Frank.  Inst.    [3],  99    (1890),   149;  Jsb. 

Chem.  1889,  2882;  Bui.  soc.  franQ.  photog.  1890,  195;  DingL  poL 

J.  283  (1892),  19. 

1889:  37.*  A.  Willis.     (Platinum  in  photography.)  Pt 

Phot.  Nachr.  1889,  35;  Phot.  Bundsch.  Steiglitz,  1889,  111;  DingL 
pol.  J.  274  (1889),  34;  283  (1892),  18. 

1889:  38.     R.  Emden.    Ueber  den  Beginn  der  Lichtermission  gliihender 
Metalle.     (Palladium  and  platinum.)  Pd,  Pt 

Ann.  der  Phys.  (Pogg.)  [2],  36  (1889),  214;  Jsb.  Chem.  1889,  310. 
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1889:  39.     F.  Richarz.     Ueber  das  elektromotorische  Verhalten  von 
Platin  in  Ueberschwefelsaure  iind  iiber  die  galvanische  Polarisa- 
tion bei  der  Bildung  derselben.  Pt. 
Ztsch.  physik.  Chem.  4    (1889),  18;  Chem.  Centrbl.  1889,  ii,  433; 
Jsb.  Chem.  1889,  298. 

1889:  40.     Pratt.     (Soldering  platinum  crucibles.)  Pt. 

Revue  scientif.;  J.  pharm.  chim.  [5],  20  (1889),  276;  Pharm.  Post 
(Wien),  22  (1889),  814;  Chem.  Centrbl.  1890,  i,  10. 

1889:  41.     H.  Le  Chatelier.     Sur  la  dilation  des  metaux  aus  tempera- 
tures Aleves.     (Expansion  of  platinum  and  platinum-iridium.) 
C.  R.  108  (1889),  1096;  Jsb.  Chem.  1889,  151.  R,  Ir. 

1889:  42.     Pizzighelli.     Der  Platindruck.  Pt. 

Phot.  Arch.  29,  301;  Dingl.  pol.  J.  274  (1889),  34;  Chem.  Centrbl. 
1889,  i,  87;  Jsb.  Chem.  1889,  2876,  2882. 

1890:  1.  C.  Bl5meke.  Ueber  das  Vorkommen  und  die  Production  von 
Zinn,  Nickel,  Platin  und  Quecksilber  auf  der  Erde.  (Platinum 
ore.)  Pt. 

Berg  und  Hiitten  Ztg.  49  (1890),  237. 

1890:  2.     Laurent.     L'industrie  de  For  et  du  platine  dans  TOural.  Pt. 
Ann.  des  Mines    [8],   18    (1890),   537;  Berg  und  Hutten  Ztg.   50 
(1891),  435;  J.  Soc.  Chem.  Ind.  11  (1892),  532;  Eng.  and  Min.  J. 
53  (1892),  430. 

1890:  3.     F.  \V.  Clarke  and  C.  Catlett.     A  platiniferous  nickel  ore 

from  Canada.  Pt. 

BuL  U.  S.  Geol.  Survey,  No.  64  (1890),  20;  Chem.  News,  67  (1893), 

53;  Chem.  Ztg.  17   (1893),  Rep.  44;  J.  Chem.  Soc.  64,  ii  (1893), 

286. 

1890:  4.     .     Platinausbeute  in  Russland  1888-90. 

Pt,  Pd,  Ir,  Os. 
Chem.  Indiist.  13  (1890),  432;  J.  Soc.  Chem.  Ind.  9  (1890),  1077. 

1890:  5.  G.  Trottarelli.  Analisi  chimica  dell'  aereolite  caduto  a 
CoUescipoli  presso  Terni  il  3  Febbraio  1890.  (Palladium  in  a 
meteorite.)  '  Pd. 

Gazz.  chim.  itaL  20  (1890),  611;  J.  Chem.  Soc.  60  (1891),  533. 

1890:  6.     .     Production  of  platinum.  Pt. 

Board  of  Trade  J.  1890,  558;  J.  Soc.  Chem.  Ind.  9  (1890),  1040. 

1890:  7.     .     Robbery  of  platinum  at  Messrs.  Dunn  &  Co., 

Stirling  Chemical  Works.  Pt. 

Chem.  News,  62  (1890),  214. 


232  BIBLIOGBAPHY  OF   METALS   OF  THE   PLATINUM  GBOUP 

1890:  8.    M.    Vezbs.     Sut    un    chloroplatinate    nitros^.  *  (Platinum 

nitrosochlorid.)  Pt. 

C.  E.  110  (1890),  757;  Ber.  23  B.  (1890),  377;  BuL  soc.  chim.   [3], 

4  (1890),  848;  Chem.  CentrbL  1890,  i,  932;  J.  Chem.  Soc.  58  (1890), 

709. 

1890:  9.  K.  Seitbebt  and  K.  £]obbe'.  Ueber  das  Atomgewicht  des 
Ehodinins  (102.7,  0  =  15.96).  Bh. 

Ann.  Chem.  (Liebig),  260  (1890),  314;  Ber.  24  (1891),  B.  107;  BuL 
soc.  chim.  [3],  5  (1891),  954;  J.  Chem.  Soc.  60  (1891),  646;  Chem. 
Ztg.  15  (1891),  Bep.  21;  Ztsch.  anal.  Chem.  31  (1892),  237. 

1890:  10.  K.  Seitbebt  and  K.  Kobbe.  Ueber  die  Zusammensetzung 
einiger  Doppelsalze  des  Bhodinms.  (Double  ehlorids,  sulfates, 
and  sulfites,  and  platinum  and  iridium  sulfites.)  Bh,  Pt,  Ir. 

Ber.  23  (1890),  2556;  BuL  soc.  chim.  [3],  4  (1890),  833;  Chem. 
CentrbL  1890,  ii,  736;  J.  Chem.  Soc.  58  (1890),  1383. 

1890:  11.  Q.  Geisekheimeb.  Sur  la  preparation  du  binoxyde  d'iri- 
dium.  Ir. 

C.  R.  110  (1890),  855;  Ber.  23  (1890),  R.  379;  BnL  soc.  chim.  [3],  4 
(1890),  390;  Chem.  CentrbL  1890,  i.  960;  Chem.  News,  61  (1890), 
228;  J.  Chem.  Soc.  58  (1890),  948;  Chem.  Ztg.  14  (1890),  Rep.  148. 

1890:  12.  G.  Geisenheimeb.  Sur  les  chlorures  doubles  d'iridium  et 
de  phosphore.  Ir. 

C.  R.  110  (1890),  1004;  Ber.  23  (1^90),  R.  380;  BuL  soc.  chim,  [3], 

4  (1890),  391;  Chem.  CentrbL  1890,  i,  1019;  Chem.  News,  61 
(1890),  265;  J.  Chem.  Soc.  58  (1890),  1068. 

1890:  13.  G.  Geisenheimek.  Combinaisons  des  chlorures  doubles  de 
phosphore  et  d'iridium  avec  le  chlorure  d'arsenie.  Ir. 

C.  R.  110  (1890),  1336;  Ber.  23  (1890),  R.  550;  BuL  soc.  chim.  [3], 
6  (1891),  1006;  Chem.  CentrbL  1890,  ii,  204;  J.  Chem.  Soc  58 
(1890),  1069. 

1890:  14.  G.  Geisenheimeb.  Sur  les  bromures  doubles  de  phosphore 
et  d*iridiura.  .    Ir. 

C.  R.  Ill  (1890),  40;  Ber.  23  (1890),  R.  552;  BuL  soc.  chim.  [3],  6 
(1891),  1006;  Chem.  CentrbL  1890,  ii,  331;  J.  Chem.  Soc  58  (1890)^ 
1383;  Ann.  chim.  phys.  [6],  23  (1891),  231;  J.  Rnss.  Chem.  Soc 
24,  ii  (1892),  32. 

1890:  15.    P.  ScHtJTZENBEBGEB.     SuT  uu  sulfocarbure  de  platine.      Pt. 

C.  R.  Ill  (1890),  391;  Ber.  23  (1890).  R.  680;  BnL  soc.  chim,  [3], 

5  (1891),  672;  Chem.  CentrbL  1890,  ii,  688;  Chem.  News,  62 
(1890),  178;  J.  Chem.  Soc.  60  (1891),  19;  Chem.  Ztg.  14  (1890)» 
Rep.  256. 
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1890:  16.    H.  Londahl.     Bidrag  till  kannedomen  cm  platinasulfin- 
basemas  konstitution.  Pt. 

Ars-skrift.  Univ.  Lund.  27,  ii  (1890-91),  3. 

1890:  17.    E.  Lbidib.    Eecherches  sur  les  nitrites  doubles  du  rhodium. 

Eh. 

C.  R.  Ill  (1890),  106;  BuL  soc.  chim.  [3],  4  (1890),  809;  Ber.  23 

(1890),  R.  630;  Chem.  CentrbL  1890,  ii,  332;  Chem.  News,  62 

(1890),  62;  63  (1891),  142;  J.  Chem.  Soc.  58  (1890),  1382;  60  (1891), 

808. 

1890:  18.    T.  Wilm.     (Nitrites  of  rhodium.)  Eh. 

J.  Russ.  Chem.  Soc.  22,  i  (1890),  361;  Chem.  Ztg.  14  (1890),  1036. 

1890:  19.    A.  Joly.     Sur  une  nouvelle  86rie  de  combinaisons  ammonia- 

cales  du  ruthenium,  dfiriv^es  du  chlorure  nitros^.  Eu. 

C.  R.  Ill  (1890),  969;  Ber.  24  (1891),  R.  68;  BuL  soc.  chim.  [3],  6 

(1891),  673;  Chem.  CentrbL  1891,  i,  255;  J.  Chem.  Soc.  60  (1891). 

401. 

1890:  20.    A.  Joly.     Sur  les  chlorosels  de  Kridium  et  sur  le  poids  at- 

omique  de  cet  616ment  (192.75,  H  =  1).  Ir. 

C.  R.  110  (1890),  1131;  Ber.  23  (1890),  R.  548;  Chem.  CentrbL  1890, 

ii,  85;  Chem.  News,  61  (1890),  301;  J.  Chem.  Soc.  58  (1890),  1067; 

Ztsch.  anaL  Chem.  89  (1890),  747;  Ztsch.  physik.  Chem.  6  (1890), 

375. 

1890:  21.     S.  M.  JOrgensen.    Zur  Constitution  der  Cobaltbasen.    I. 
(Eeference  to  platinum  bases.)  Pt. 

J.  prakt.  Chem.  [2],  41  (1890),  429. 

1890:  22.     S.     M.     J6rgen8en.     Ueber     Metalldiaminverbindungen. 
(Chloroplatinates.)  Pt. 

J.  prakt.  Chem.  [2],  41  (1890),  440. 

1890:  23.     S.  M.  Jorgensen.    Zur  Constitution  der  Kobalt-,  Chrom- 

und  Ehodiumbasen.     II.     (Reference  also  to  platinum  bases,  and 

chloroplatinates.)  Rh,  Pt. 

J.  prakt.  Chem.   [2],  42  (1890),  206;  Ber.  23  (1890),  R.  682;  BuL 

soc.  chim.   [3],  6   (1891),  1005;  Chem.  CentrbL  1890,  ii,  543;  J. 

Chem.  Soc.  58  (1890),  1213. 

1890:  24.     A.  Cossa.     Sopra  un  nuovo  isomero  del  sale  verde  del  Mag- 
nus.    (Platosemiaminchlorid.)  Pt. 
Gazz.  chim.  itaL  20  (1890),  725;  Ber.  23  (1890),  2503;  24  (1891),  R. 
388;  Chem.  CentrbL  1890,  ii,  645;  J.  Chem.  Soc.  58  (1890),  1218; 
Mem.  Accad.  Torino  [2],  41  (1891),  1;  Atti  Accad.  Lincei  Roma 
[4],  7,  i  (1891),  3. 
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1890:  25.     0.  Carlgren.    Om  nigra  ammoniakaliska  platinaf5reiiiiigar. 
(Sulfites  of  platinum  base.)  Pt. 

'      Oefversigt  Akad.  Forh.  Stockholm,  47  (1890),  305;  Chem.  Ztgr-  1* 
(1890),  1460. 

1890:  26.     0.  Carlgren  and  P.  T.  Cleve.    Ueber  einige  ammonia- 

kalisehe  Platinverbindungen.  Pt. 

Oefvers.  Akad.  Forh.   Stockholm,  47    (1890),  305;  Ztsch.   anorg. 

Chem.  1  (1892),  65;  Ber.  25  R.  (1892),  544;  Chem.  CentrbL  1892, 

1,  555;  J.  Chem.  Soc.  64,  ii  (1893),  127. 

1890:  27.     L.  Pigeon.     Chaleur  de  formation  du  chlorure  platinique. 

Pt. 
C.  R.  110  (1890).  77;  Chem.  Centrbl.  1890,  i,  517;  J.  Chem.  Soc  5S 
(1890),  439;  Ztsch.  physik.  Chem.  5  (1890),  274. 

1890:  28.     C.  T.  Heycock  and  F.  H.  Neville.    Molecular  weights  of 
metals  when  in  solution.     (Platinum  in  tin.)  Pd. 

J.  Chem.  Soc.  57  (1890),  376;  Proc.  Chem.  Soc.  1890,  158;  Ber.  24 
(1891).  R.  693;  Ztsch.  physik.  Chem.  6  (1890),  190. 

1890:  29.     J.  TJhl.    Ueber  Einwirkung  von  Schwefeldioxyd  auf  Metalle. 
(Palladium  and  platinum.)  Pd,  Pt. 

Ber.  23  (1890),  2151;  J.  Chem.  Soc.  58  (1890),  1371. 

1890:  30.    A.    Classen..    Bestimmung   des   Atomgewichtes   des    Wis- 
muths.     (Note  on  presence  of  iron  in  platinum,  p.  951.)  Pt 

Ber.  23  (1890),  938. 

1890:  31.     R.  Engel.     Sur  I'oxydation  de  I'acide  hypophosphoreux  par 
un  palladium  hydrogene  en  Fabsenee  d^oxygene.  Pd. 

C.  R.  110  (1890),  786;  Ber.  23  (1890),  R.  378;  J.  Chem.  Soc.  58  (1890), 
690. 

1890:  32.     0.  Loew.     Darstellung  eines  sehr  wirksamen  Platinmohrs. 

Pt. 
Ber.  23  (1890),  289;  Bui.  soc.  chim.  [3],  4  (1890),  351;  Chem. 
Centrbl.  1890,  i,  577;  DingL  pol.  J.  277  (1890),  383;  J.  Chem.  Soc. 
58  (1890),  453;  Chem.  Ztg.  14  (1890),  Rep.  56;  Chem.  News,  67 
(1893),  242;  Ztsch.  anal.  Chem.  31  (1892),  690;  J.  Soc.  Chem.  Ind. 
9  (1890),  550. 

1890:  33.     0.  Loew.     Bildung  von  Salpetrigsaure  und  Ammoniak  aus 
freiem  Stickstoff.     (Under  the  influence  of  platinum  black.)     Pt. 
Ber.  23  (1890),  1443;  J.  Chem.  Soc.  58  (1890),  1051. 

1890:  34.     0.   Loew.     Katalytisehe  Reduction  der  Sulfogruppe.     (By 
platinum  black.)  Pt. 

Ber.  23  (1890),  3125;  J.  Chem.  Soc.  60  (1891),  237. 
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1890:  35.  H.  Dufet.  (Crystallography  of  potassium  ruthenate  and 
pernithenate.)  Eu. 

BuL  soc.  frang.  min.  11,  215;  Ghem.  CentrbL  1890,  i,  374. 

1890:  36.     H.   Dufet.     (Crystallography   of  nitrosonithenium  deriva- 
tives and  rhodium  oxalates.)  Eu,  Eh. 
BuL  soc.  franQ.  min.  12,  466;  Chem.  CentrbL  1890,  i,  247. 

1890:  37.     H.  Dufet.     (Crystallography  of  double  iridium  ehlorids.)  Ir. 
Bui.  soc.  f  rang.  min.  ;  Chem.  CentrbL  1890,  ii,  542. 

1890:  38.  J.  Thiele.  Zum  Nachweis  des  Arsens.  Inaug.  Diss.  Halle 
A.  S.,  1890.  (3.  Ueber  die  Anwendung  des  platinirten  Zinks  im 
Marsch'chen  Apparat.)  Pt. 

Ann.  Chem.  (Liebig),  265  (1891),  63. 

1890:  39.     E.  F.  Smith  and  H.  F.  Keller.     The  action  of  hydrogen 
sulphide  gas  upon  metallic  amines.     (On  palladium  bases.)       Pd. 
Chem.  News,  62  (1890),  290;  Ber.  23  (1890),  3373;  24  (1891),  R.  109; 
Chem.  CentrbL  1891,  i,  135;  J.  Chem.  Soc.  60  (1891),  272. 

1890:  40.  E.  F.  Smith  and  H.  F.  Keller.  The  electrolytic  method  as 
applied  to  palladium.  Pd. 

Amer.  Chem.  J.  12  (1890),  212;  J.  Frank.  Inst.  130  (1890),  233; 
Ber.  23  (1890),  R.  414;  Chem.  CentrbL  1890,  i,  946;  1891,  ii,  85; 
Chem.  News,  63  (1891),  253;  J.  Chem.  Soc.  58  (1890),  831;  Ztsch. 
angew.  Chem.  1891,  650;  School  of  Mines  (N.  Y.)  Quart.  11 
(1890),  374. 

1890:  41.  E.  F.  Smith  and  L.  K.  Frankel.  Electrolytic  separations. 
(Mercury  from  palladium.)  Pd. 

Amer.  Chem.  J.  12  (1890),  428;  Chem.  CentrbL  1890,  ii,  267;  J. 
Chem.  Soc.  58  (1890),  1029;  J.  Soc.  Chem.  Ind.  9  (1890),  1067. 

1890:  42.    E.  Matthey.     The  liquation  of  gold  and  platinum  alloys. 

Pt. 
Phil.  Trans.  London,  183  A.  (1892),  629;  Proc.  Roy.  Soc.  London, 
47  (1890),  180;  Ber.  23  (1890),  R.  361;  BuL  soc.  chim.  [3],  4 
(1890),  824;  Chem.  CentrbL  1890,  i,  669;  Chem.  News,  61  (1890), 
111;  J.  Chem.  Soc.  58  (1890),  947;  J.  Soc.  Chem.  Ind.  9  (1890), 
624. 

1890:  43.     W.  H.  Wahl.     On  the  electrodeposition  of  platinum.         Pt. 
J.   Frank.   Inst.   130    (1890),   62;   Chem.   News,   62    (1890),   33,   40; 
Chem.  CentrbL  1890,  ii,  360;  Ztsch.  angew.  Chem.  1890,  455;  J. 
Soc.  Chem.  Ind.  9  (1890),  867. 

1890:  44.     L.  N".  P.  Poland.     Iridiumfaden  fiir  Gliihlampen.  Ir. 

Electrotech.  Ztsch.  1890,  Aug.  29;  DingL  pol.  J.  278  (1890),  46. 
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1890:  46.    E.  H.  Gkiffiths.    On  the  determination  of  some  boiling  and 
freezing  points  by  means  of  the  platinum  thermometer.  PL 

Phil.  Trans.  London,  182  A.  (1891),  43;  Proc.  Boy.  Soc  Londoiu 
48  (1890),  220;  J.  Chem.  Soc.  60  (1891),  251. 

1890:  46.    H.  L.  Callendak  and  E.  H.  Gbiffiths.    On  the  determina- 
tion of  the  boiling  point  of  sulphnr  and  on  a  method  of  standard- 
ising platinum  resistance  thermometers  by  reference  to  it.         Pt. 
PhiL  Trans.  London,  182  A.  (1891),  119;  Chem.  CentrbL  1891,  iU 
252;  Chem.  News,  63  (1891),  1;  J.  Chem.  Soc.  60  (1891),  1146; 
Ztsch.  physik.  Chem.  7  (1891),  332;  Ztsch.  anaL  Chem.  31  (1892), 
549. 

1890:  47.    B.  E.  Lieseoano.     (Platinum  mekils  in  photography.) 

Pt,  Ir,  Pd,  Os. 
Photog.  Archiv,  31  (1890),  170;  DingL  poL  J.  283  (1892),  19;  Chem. 
Ztg.  14  (1890),  Bep.  270. 

1890:  48.    P.  P.  Perkins.    Note  on  the  displacement  of  silver  by  plati- 
num and  palladium  (in  toning  photographs).  Pt,  Pd. 
Chem.  News,  61  (1890),  87;  Chem.  Centrbl.  1890,  i,  577. 

1890:  49.    L.  Clabk.    "Platinum  toning/'  London,  1890.  Pt 

Dingl.  poL  J.  283  (1892),  18. 

1890:  60.    Gasteik.    (Platinum  in  photography.)  Pt. 

BuL  soc.  frang.  photog.  1890,  21;  DingL  poL  J.  283  (1892),  19. 

1890:  51.    .    Ein  neues  Platintonsalz.  Pt. 

Photog.  Archly,  31  (1890),  33;  Chem.  CentrbL  1890,  i,  552. 

1890:  62.    Lenhabd.     (Platinum  in  photography.)  Pt. 

Photog.  Corresp.  1890,  107;  DingL  poL  J.  283  (1892),  19. 

1890:  63.    Masse.    (Platinum  in  photography.)  PL 

Photog.  Nachr.   1890,  165;  from  La  Nature;  Bingl.  poL  J.  283 
(1892),  18. 

1890:  64.    Blanchakd.     (Platinum  in  photography.)  Pt. 

Photog.  Bundsch.  1890,  22;  DingL  poL  J.  283  (1892),  18. 

1890:  65.    Harrison.    (Platinum  in  photography.)  Pt. 

Bui.  assoc.  Beige  photog.  1890,  523;  Dingl.  pol.  J.  283  (1892),  19. 

1890:  66.    .    Neues  Platintonverfahren.  R, 

Phot.  Mittheil.  26  (1890),  323;  Chem.  Ztg.  14  (1890),  Bep.  122. 

1890:  57.     C.  Berthiot.     (Iridium  in  photography.)  Ir. 

Photog.  Notizen,  1890,  No.  309;  DingL  pol.  J.  283  (1892),  18. 

1890:  58.    .     (Iridium  ehlorid  paper  in  photography.)       Ir. 

Phot.  Mittheil.  27  (1890),  139;  Chem.  Ztg.  14  (1890),  Bep.  270. 
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1890:  59.    J.  Elsteb  and  H.  Gbitel.    Ueber  Ozonbildimg  an  gliihen- 

den  Platinflachen.  Pt. 

Ann.  der  Phys.  (Pogg.)  [2],  39  (1890).  321;  J.  Chem.  Soc.  58  (1890), 
676;  Phil.  Mag.  [5],  29  (1890),  376. 

1890:  60.  L.  Abons.  Beobachtnngen  an  elektrischpolarisirten  Platin- 
spiegeln.  Pt. 

Sitzber.  Akad.  Berlin,  1890,  969;  Ann.  der  Phys.  (Pogg.)  [2],  41 
(1890),  473;  Ztsch.  physik.  Chem.  6  (1890),  287. 

1890:  61.  T.  Abgybopoulos.  Oscillationen  eines  weissgliihenden 
Platindrahts  diirch  wiederholte  Stromunterbrechungen.  Pt. 

Ann.  der  Phys.  (Pogg.)  [2],  41  (1890),  503. 

1890:  62.  H.  Le  Chatelier.  Sur  la  resistance  61ectrique  des  m6taux. 
(Platinum  and  platinum-rhodium.)  Pt,  Rh. 

C.  R.  Ill  (1890),  454;  Dingl.  pol.  J.  280  (1891),  23;  J.  Chem.  Soc. 
60  (1891),  5. 

1890:  63.  F.  Richarz.  Ueber  die  galvanische  Polarisation  von  Platin- 
electroden  in  verdiinnter  Schwef elsaure.  Pt. 

Ann.  der  Phys.  (Pogg.)  [2],  39  (1890),  67,  201;  J.  Chem.  Soc.  58 
(1890),  551,  676;  Ztsch.  physik.  Chem.  5  (1890),  284. 

1891:  1.  R.  Helmhackeb.  Ueber  das  Vorkommen  und  die  Production 
des  Platins  am  Ural.  Pt. 

Berg  und  Hiitten  Ztg.  50  (1891),  157;  Ztsch.  angew.  Chem.  1891, 
301. 

1891:  2.    .     Production  des  Platins  in  Russland,  1881-1886. 

Chem.  Indust.  14  (1891),  15.  Pt,  Pd,  Ir,  Rh,  Os,  Ru. 

1891:  3.  K.  Seubert.  Die  Atomgewichte  der  Platinmetalle.  (Ru, 
101.4;  Rh,  102.7;  Pd,  106.35;  Os,  190.3;  Ir,  192.5;  Pt,  194.3; 
0  =  16.96.)  R,  Pd,  Ir,  Rh,  Os,  Ru. 

Ann.  Chem.  (Liebig),  261  (1891),  272;  Ber.  24  (1891),  R.  260;  Bui. 
soc.  chim.  [3],  7  (1892),  50;  Chem.  Centrbl.  1891,  i,  492;  J.  Chem. 
Soc.  60  (1891),  885;  Ztsch.  angew.  Chem.  1891,  148;  Chem.  Ztg. 
15  (1891),  Rep.  65;  Ztsch.  anal.  Chem.  30  (1891).  756. 

1891:  4.  K.  Seubebt.  Ueber  das  Atomgewieht  des  Osmiums  (190.3, 
0  =  15.96).  Os. 

Ann.  Chem.  (Liebig),  261  (1891),  257;  Ber.  24  (1891),  R.  259;  Bui. 
soc.  chim.  [3],  7  (1892),  50;  Chem.  Centrbl.  1891,  i,  492;  J.  Chem. 
Soc  60  (1891),  884;  J.  anal.  Chem.  (Hart),  5  (1891),  221;  Chem. 
Ztg.  15  (1891),  Rep.  65. 
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1891:  5.    L.  Pigeon.     Sut  deux  nouvelles  combinaisons  cristallisees  du 

chlonire  platinique  avec  I'acide  chlorhydrique.  Pt. 

C.  R.  112  (1891),  1218;  Ber.  24  (1891),  R.  592;  Bui.  soc.  chim.  [3], 

6   (1891),   548;  Chem.  News,   63    (1891),  284;  J.  Chem.   Soc.   60 

(1891),  1325;  J.  Russ.  Chem.  Soc.  23,  ii  (1891),  159;  Chem.  Ztg. 

15  (1891),  Rep.  161. 

1891:  6.     M.  Vezes.     Sur  les  sels  bromoazot^s  et  iodoazot^s  du  platine. 

(Bromo-  and  iodo-nitrates.)  Pt. 

C.  R.  112  (1891),  616;  113  (1891),  696;  Bui.  soc.  chim.  [3],  6  (1891),. 

175;  7  (1892),  148;  Ber.  24  (1891),  R.  348;  25  (1892),  R.  3;  Chem. 

Centrbl.  1891,  i,  782;  1892,  i,  152;  Chem.  News,  63   (1891),  177; 

64  (1891),  284;  J.  Chem.  Soc.  60  (1891),  807;  62  (1892),  280. 

1891:  7.    I.  Guareschi.     (Platinum  thiocyanates.)  Pt. 

Giom.  Accad.  Med.  1891;  Chem.  Centrbl.  1891,  ii,  620;  J.  Chem. 
Soc.  62  (1892),  286. 

1891:  8.     A.  EosENHEiM.    Ueber  die  Einwirkung  von  Platinoxydhydrat 
auf  wolframsaure  Salze.  Pt. 

Ber.   24    (1891),   2397;  Bui.   soc.   chim.    [3],   7    (1892).   67;   Chem. 
Centrbl.  1891,  ii,  454;  J.  Chem.  Soc.  60  (1891),  1323. 

1891:  9.     E.    Schneider.     Ueber   zwei   neue    Selenosalze.      (Seleno- 
platinostannates.)  Pt. 

J.  prakt.  Chem.  [2],  44  (1891),  507;  Bui.  soc.  chim.  [3],  8  (1892),. 
682;  Chem.  Centrbl.  1892,  i,  151;  J.  Chem.  Soc.  62  (1892),  281. 

1891:  10.    F.  Mylius  and  F.  Fobrster.    Ueber  die  Verbindungen  des. 

Kohlenoxydplatins.  Pt^ 

Ber.  24    (1891),  2424;   Bui.  soc.  chim.   [3],  8   (1892),  194;   Chem. 

Centrbl.  1891,  ii,  454;  J.  Chem.  Soc.  60   (1891),  1162;  J.   Russ. 

Chem.  Soc.  23,  ii  (1891),  160;  J.  Soc.  Chem.  Ind.  10  (1891),  955. 

1891:  11.    F.  Foerster.    Einige  weitere  Boebachtungen  iiber  kohlen- 
oxydhaltige  Platinverbindungen.  Pt. 

Ber.  24  (1891),  3751;  Chem.  Centrbl.  1892,  1,  276;  J.  Chem.  Soc.  62 
(1892),  352;  Bui.  soc.  chim.  [3],  8  (1892),  422. 

_  • 

1891:  12.    W.  PuLLiNGER.    Volatile  platinum  compounds.     (Platinum 

earbonyl  compounds  and  preparation  of  platinum  bromid.)       Pt. 

J.  Chem.  Soc.  59  (1891),  598;  Ber.  24  (1891),  2291;  24  (1891),  R.  853; 

Bui.  soc.  chim.  [3],  6  (1891),  852;  Chem.  Centrbl.  1891,  ii,  453; 

Chem.  News,  63  (1891),  307;  J.  Russ.  Chem.  Soc.  23,  ii  (1S91)„ 

224;  Chem.  Ztg.  15  (1891),  919;  Proc.  Chem.  Soc.  1891,  111. 

1891:  13.     0.    T.    Chbistbnsen.    Bhodanchromammoniakforbindelser. 
(Chloroplatinates.)  R^ 

Skriften  Danake  Vid.   Selsk.  Kjobenhavn   [6],  7   (1891),   181;  J. 
Chem.  Soc.  62  (1892),  798. 
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1891:  14.    Le  Bel.     Sels  doubles  formes  par  les  chloroplatinates  des 
bases  ammoniaques.  Pt. 

BuL  soc.  chim.  [3],  5  (1891),  723. 

1891:  16.     A.  JoLY.     Recherches  sur  rosmmm;  acide  osmiamique  et 
osmiamates.  Os. 

C.  R.  112  (1891),  1442;  Ber.  24  R.  (1891),  693;  BuL  soc.  chim.  [3], 
7  (1892),  146;  Chem.  CentrbL  1891,  ii,  252;  Chem.  News,  64  (1891), 
26;  J.  Chem.  Soc.  60  (1891),  1433. 

1891:  16.     A.  JoLY.     Sur  quelques  combinaisons  salines  des  composes 

oxygen6s  du  ruthenium  inf^rieurs  aux  acides  ruthenique  et  hepta- 

ruth6nique.  Ru. 

C.  R.  113  (1891),  694;  Ber.  25  R.  (1892),  3;  BuL  soc.  chim.  [3],  7 

(1892),  148;  Chem.  CentrbL  1892,  i,  152;  Chem.  News,  64  (1891), 

284;  J.  Chem.  Soc.  62   (1892),  282;  J.  Russ.  Chem.  Soc.  24,  ii 

(1892),  78. 

1891:  17.     A.  JoLY.    Action  de  la  lumi^re  sur  le  peroxyde  de  ruthenium. 

Ru: 
C.  R.  113  (1891),  693;  Ber.  25  R.  (1892),  2;  BuL  soc.  chim.   [3],  7 
(1892),  147;  Chem.  CentrbL  1892,  i,  152;  J.  Chem.  Soc.  62  (1892), 
282;  Chem.  Ztg.  15  (1891),  Rep.  328. 

1891:  18.    L.  Balbiano.     Sopra  una  nuova  serie  di  eomposti  del  platino 
derivanti  dai  pirazoli.     (Platinum  pyrazole  chlorids  and  bases.) 

Pt. 
Atti  Accad.  Lincei  Roma   [4],  7,  ii   (1891),  26;  J.  Chem.  Soc.  62 
(1892),  885. 

1891:  19.     S.  M.  JoRGENSEN.     Beitrage  zur  Chemie  der  Rhodiumammo- 

niakyerbindungen.  Rh. 

J.  prakt.  Chem.   [2],  44   (1891),  48;  Chem.  CentrbL  1891,  ii,  371; 

J.  Chem.  Soc.  60  (1891),  1325;  BuL  soc.  chim.  [3],  6  (1891),  734. 

1891:  20.     S.  M.  Jorgensen.    Ueber  saure  Luteo-  und  Roseonitrate 
(des  Rhodiums).  Rh. 

J.  prakt.  Chem.  [2],  44  (1891),  63;  Chem.  CentrbL  1891,  ii,  372;  J. 
Chem.  Soc.  60  (1891),  1327. 

1891:  21.     J.  J.  SuDBOROUGH.    Action  of  nitrosyl  chloride  on  metals. 
(Platinum,  p.  663.)  Pt. 

J.  Chem.  Soc.  59  (1891),  655. 

1891:  22.     W.   Kwasnik.     Ueber  die  Einwirkung  von   Baryumsuper- 
oxyd  auf  Metallsalze.     (On  platinum  chlorid.)  Pt. 

Arch,  der  Pharm.  229   (1891),  573;  J.  Chem.  Soc.  62   (1892),  408; 
Ztsch.  anaL  Chem.  31  (1892),  417. 
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1891:  23.  K.  Seubert  and  A.  Schmidt.  Ueber  die  Einwirkung  von 
Magnesium  auf  Chloride.  A.  Schmidt,  Inang.  Diss.  Tubingen, 
1891.     (Platinum,  p.  240.)  Pt, 

Ann.  der  Chem.  (Liebig),  267  (1892),  218. 

1891:  24.  G.  Neumann  and  F.  Streintz.  Das  Verhalten  des  Waaser- 
stoffes  zu  Blei  und  anderen  Metallen.  (Occlusion  of  hydrogen  by 
palladium,  p.  652;  by  platinum,  653.)  Pd,  Pt. 

Monatsh.  Chem.  12  (1891),  642;  Sitzber.  Akad.  Wien,  100,  ii  (1891), 
618;  Ann.  der  Phys.  (Pogg.)  [2],  46  (1892),  431;  J.  Chem.  Soc 
62  (1892),  567;  Chem.  CentrbL  1892,  i,  428;  Ztsch.  anaL  Chem. 
32  (1893),  73,  74. 

1891:  25.  L.  Pigeon.  Etude  calorim6trique  du  chlorure  platinique  et 
de  ses  cdmbinaisons.  Pt. 

C.  R.  112  (1891),  791;  Ber.  24  R.  (1891),  513;  Bui.  soc.  chim.  [3], 
6  (1891),  548;  Chem.  CentrbL  1891,  i,  954;  J.  Chem.  Soc.  60 
(1891),  966;  J.  Russ.  Chem.  Soc.  23,  ii  (1891),  136;  Ztsch.  physik. 
Chem.  8  (1891),  431. 

1891:  26.  L.  Pigeon.  Chaleur  de  formation  du  bromure  platinique  et 
de  ses  principales  combinaisons.  Pt. 

C.  R.  113  (1891),  476;  Chem.  CentrbL  1891,  ii,  912;  J.  Chem.  Soc 
62  (1892),  3;  J.  Russ.  Chem.  Soc.  24, 11  (1892),  32;  Bui.  soc.  chim 
[3],  7  (1892),  118;  Ztsch.  physik.  Chem.  9  (1892),  517. 

1891:  27.  J.  H.  Gladstone.  The  molecular  refraction  and  dispersion 
of  various  substances  in  solution.     (Iridium  tetrachlorid.)  Ir. 

J.  Chem.  Soc.  59  (1891),  595. 

1891:  28.  E.  F.  Smith.  The  electrolysis  of  metallic  phosphates  in 
acid  solution.     (Platinum  and  palladium.)  Pt,  Pd. 

Amer.  Chem.  J.  13  (1891),  206;  J.  Chem.  Soc  60  (1891),  1140; 
School  of  Mines  (N.  Y.)  Quart.  12  (1891),  340. 

1891:  29.  E.  F.  Smith  and  F.  Muhr.  Electrolytic  separations.  (Sil- 
ver, cadmium  and  mercury  from  platinum.)  Pt,  Pd. 

Amer.  Chem.  J.  13  (1891),  417;  Ber.  24  (1891),  2175;  Chem.  CentrbL 
1891,  ii,  497;  J.  Chem.  Soc.  60  (1891),  1296,  1396. 

1891:  30.  A.  Joly  and  E.  Leidie.  Sur  le  dosage  du  rhodium  par  voie 
61ectrolytique.  Bh. 

C.  R.  112  (1891),  793;  Ber.  24  R.  (1891),  649;  Chem.  News,  63  (1891), 
225;  J.  Chem.  Soc.  60  (1891),  1141;  Chem.  Ztg.  15  (1891),  Rep. 

143. 
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1891:  31.     A.   JoLY   and  E.   Leidie.    Becherches   et  separation   des 

m6taux  du  platine  et  en  partieulier  du  paUadium  et  du  rhodium 

en  presence  des  m^taux  communs.  Pd,  Rh,  Pt,  Ir,  Os,  Ru. 

C.  K.  112   (1891),  1259;  Chem.  News,  63   (1891),  292;  Ber.  24  R. 

(1891),  801;  Chem.  Centrbl.  1891,  ii,  225;  J.  Chem.  Soc.  60  (1891), 

1554;  Chem.  Ztg.  15  (1891),  Rep.  174;  School  of  Mines  (N.  Y.) 

Quart.  13  (1892),  179;  J.  Russ.  Chem.  Soc.  25,  ii  (1893),  130. 

1891:  32.    E.  F.  Smith.     The  electrolytic  method  applied  to  rhodium. 

Rh. 

J.  Frank.  Inst.  131  (1891),  296;  Chem.  CentrbL  1891,  i,  811;  Ztsch. 

physik.  Chem.  7  (1891),  518;  School  of  Mines  (N.  Y.)  Quart.  12 

(1891),  340;  J.  anal.  Chem.  5  (1891),  201;  J.  Soc.  Chem.  Ind.  10 

(1891),  798;  Chem.  Ztg.  15  (1891),  Rep.  143. 

1891:  33.     W.  C.  Hebaeus.     (Ueber  das  reine  Platin  und  einige  seiner 

Legirungen.)    (Platinumiridium.)  Pt,  Ir. 

Ztsch.  Instrum.  Kunde,  11,  262;  Chem.  Centrbl.  1891,  ii,  371;  Chem. 

Ztg.  15  (1891),  Rep.  170;  Ztsch.  anaL  Chem.  31  (1892),  310;  J. 

Soc.  Chem.  Ind.  10  (1891),  773. 

1891:  34.      H.    Behrexs.      Beitrage    zur    mikrochemischen    Analyse. 

(Platinum,  p.  152;  palladium,  153;  iridium,  rhodium,  ruthenium, 

osmium,  154.)  Pt,  Pd,  Ir,  Rh,  Ru,  Os. 

Ztsch.  anal.  Chem.  30   (1891),  125;  Chem.  News,  64   (1891),  123; 

Bui.  soc.  chim.  8  (1892),  1032;  Chem.  Ztg.  15  (1891),  Rep.  140. 

1891:  35.     H.  L.  Callendab.     On  the  construction  of  platinum  ther- 
mometers. Pt. 
Phil.  Mag.    [5],  32    (1891),   104;  Ztsch.  angew.  Chem.   1892,  428; 
Ztsch.  physik.  Chem.  8  (1891),  572. 

1891:  36.     H.  N.  Warben.     Production  of  platinum  crucibles  (by  fold- 
ing platinum  foil  like  filter  paper).  Pt. 
Chem.  News,  64  (1891),  146;  Ztsch.  anal.  Chem.  31  (1892),  310. 

1891:  37.    .     Platinid.     (An  alloy  of  platinum  and  nickel 

with  arsenic  and  iron  for  crucibles,  etc.)  Pt. 

Dingl.  pol.  J.  282  (1891),  72;  from  Metallarbeiter. 

1891:  38.     H.  N.  Warren.     A  novel  method  for  the  production  of 
sodium  and  potassium  nitrite.     (Using  platinum  sponge.)        Pt. 
Chem.  News,  63  (1891),  290;  J.  Chem.  Soc.  60  (1891),  1321. 

1891:  39.     F.  Walter.     Die  Antiplatingliihlampe.  Pt. 

Dingl.  pol.  J.  282  (1891),  188. 

1891:  40.     W.  Crookes.     On  electrical  evaporation  (of  platinum  and 
palladium).  R,  Pd. 

Chem.  News,  63  (1891),  287. 
16 


1891:  41.    J.  MoosEB.    Ueber  die  durch  Zerstauben  der  Kathode  erhal- 
tenen  Metall&chicliten  (dee  Platins).  Pt 

Ann.  der  Phye.  (Togg.)  [2],  43  (1891),  639. 

1891;  42»    Bbunel.     (PJatinum  id  photography.)  PL 

Rev.  de  Photog.  1891,  185;  DingL  poL  J.  £86  (189E),  119. 

1891;  43,    A.  Stieglitz.     (Platinum  in  photography.)  PL 

Ainer,  Annual  of  Photog.  1891,  349;  Dingl,  pel,  J,  286  <18B2),  13e. 

1891:  44.    Hezekiiel,     (Platinmn  in  photography,)  PL 

Photog.  Nachr.  1891,  708;  DingL  poh  J.  2S6  (1892),  136. 

1891:  45.    J.  M.  Edeh*     (Platinmn  in  photography,)  PL 

Jahrb.  f.  Photog,  (Eder),  1891,  74;  Diugl.  poL  J,  2S3  (1S92),  18. 

1891:  46.     A.  Hubzab.     (Washing  platinum  prints.)  PL 

Der  am  at.  Phot,  5,  74;  J.  Soc.  Chem.  Ind,  10  ("1891),  571. 

1891:  47.  W.  K.  Bur'TON.  (Sodium  hypobromite  to  prevent  togging 
in  platinum  printing.)  PL 

Brit.  J.  Phot.  38  (1891)^  421;  Chem.  Ztg.  15  (1S91),  Bep*  294. 

1891:  48.     FouRTiER.     (Palkdium  toning  hath.)  Pi 

Phot.  Gaz.i  Phot.  Wochenbl.  IT  (1891),  61;  Chem.  Ztg.  15  (leai). 
Rep.  64,  172. 

1891:  49.     PiLET.     (Plating  with  palladium.)  ft. 

Electrician,  SG  (1891),  36S;  Chem.  Ztg.  15  (1891),  Rep,  222. 

1891:  50.     T.  Seliwanow.     (Expansion  of  platinum.)  It 

J.  Hi]£i8.  Cbem.  8oc.  £3,  ii  (1891),  152;  J.  phjsik,  Chem.  9   (1993), 

91,  519, 

1891:  51,  G,  Markovskt,  Ueber  die  electromotorische  Kraft  da- 
Gasketten,     (Polarisation  of  platinum  by  oxygen. and  hydrogen.) 

Pc. 
Ann.  der  Phys.  {Pogg.)   [2],  44  (1891),  457;  Amer.  J.  Scf,  [3],  a 

(1892),  531;  J.  Chein.  Soc.  62  (1892),  393. 

1891:  52.  G,  H.  Burch  and  Y,  H.  Velet,  The  rariatione  of  electro- 
motive force  of  cellSj  consisting  of  certain  metakj  platinum  and 
nitric  acid,  PL 

Phil.  Trans,  London,  182  A,  (1891),  319;  J.  Chem.  Soc  60  (1S91), 

514. 

1892:  1.     F.  P.  Venable.    On  the  supposed  occurrence  of  platinum  in 

Worth  Carohna.     (Its  occiirroTice  is  not  authentic.)  Pt. 

J.   Elisha  Mitchell  Soc,   8,  ii    (1S91),  123;  Amer.  J.   Sci.    [3],  43 
(1892),  540;  Chem.  Centrbl.  1892,  ii,  670. 
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1892:  2.    .    Die  Platinausbeute  Russlands  im  Jahre,  1891. 

Pt. 
Chem.  Ztg.  16  (1892),  932;  J.  Soc.  Arte,  40,  807;  J.  Soc.  Chem.  Ind. 
11  (1892),  752. 

1892:  3.    .     Query  regarding  fluctuation  of  price  of  plati- 
num. Pt. 
Chem.  News,  65  (1892),  86. 

1892:  4.    .    Platinum  in  Canada.  Pt. 

Eng.  and  Min.  J.  53  (1892),  327;  J.  Soc.  Chem.  Ind.  11  (1892),  469. 

1892:  5.    .    Price  of  platinum.     (Review.)  Pt. 

J.  Soc.  Chem.  Ind.  11  (1892),  382;  from  Chemist  and  Druggist. 

1892:  6.    M.  Fbenkbl.    Beitrage  zur  Kenntniss  der  Palladiumyerbin- 

dungen.    (Determination;  action  of  potassium  chromate  on  all  the 

platinum  metals.)  Pd,  Pt,  Ir,  Rh,  Os,  Ru. 

Ztsch..anorg.  Chem.  1  (1892),  217;  Ber.  25  R.  (1892),  917;  Chem. 
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sauren  Kaliums  auf  Metallsalze.  (On  platinum  and  palladium 
salts.)  Pt,  Pd. 

Ber.  27  (1894),  1019;  BuL  soc.  chim.  [3],  12  (1894),  1066;  J.  Chem. 
Soc.  66,  ii  (1894),  351. 


256  BIBLIOGRAPHY   OF   METALS   OF  THE   PLATINUM   GROUP 

1894:  13.    A.  Joly  and  E.  Leidie.    Action  de  la  chaleur  sur  les  azo- 

tites  doubles  alcalins  des  m^taux  du  groupe  du  platine:  composes 

du  ruthenium.  Bil 

C.  R.  118  (1894),  468;  Ber.  27  R.  (1894),  183;  Bui.  soc.  cMm.  [3],  11 

(1894),  380;  Chem.  Centrbl.  1894,  i,  671;  Chem.  News,  69  (1894), 

133;  J.  Chem.  Soc.  66,  ii  (1894),  239. 

1894:  14.  H.  G.  SOderbaum.  Zur  Konstitution  der  Platosooxalylver- 
bindungen.  Pt. 

Ztsch.  anorg.  Chem.  6  (1894),  45;  Ber.  27  B.   (1894),  250;  Chem. 
Centrbl.  1894,  i,  722;  J.  Chem.  Soc.  66,  i  (1894),  275. 

1894:  15.     A.  CossA.     Sui  composti  di  platosomonodiainmina.  Pt. 

Rendi.  Accad.  Lincei  Roma  [5],  2  (1894),  360;  Ber.  28  R.  (1895), 

108;  Gazz.  chim.  itaL  25,  ii  (1895),  505;  BuL  soc.  chim.   [3],  16 

(1896),  742;  Chem.  Centrbl.  1895,  i,  421;  J.  Chem.  Soc.   70,  ii 

(1896),  251. 

1894:  16.  S.  M.  JObgensen.  Znr  Konstitution  der  Kobalt-,  Chxom- 
und  Ehodiumbafien,  VI.  Bh. 

Ztsch.  anorg.  Chem.  7   (1894),  289;  Chem.  Centrbl.  1894,  ii,  963; 
J.  Chem.  Soc.  68,  ii  (1895),  47. 

1894:  17.  A.  Webneb  and  A.  Miolati.  Contributo  alio  studio  della 
eostituzione  dei  composti  inorganici,  II.  (Chlorids  and  bases  of 
platinum.)  Pt. 

Gazz.  chim.  ital.  24,  ii  (1894),  408;  Ber.  28  R.  (1895),  54. 

1894:  18.  E.  H.  Keiseb  and  M.  B.  Breed.  The  atomic  weight  of  pal- 
ladium (106.245,  H  =  1).  Pd. 
Amer.  Chem.  J.  16  (1894),  20;  Ber.  27  R.  (1894),  242;  Bui.  soc 
chim.  [3],  12  (1894),  404;  Chem.  CentrbL  1894,  i,  579;  Chem. 
News,  69  (1894),  197,  211;  J.  Chem.  Soc.  66,  ii  (1894),  141;  Ztsch. 
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69   (1894),  273;  J.  Chem.  See.  68,  U  (1895),  39;  Ztscli.  physiiL 

Chem.  15  (1894),  518. 

1894:  35.  L.  Cailletbt  and  E.  Collarmiau.  Kecherches  sur  la  con- 
densation des  gaz  de  T^lectrolyse  par  les  corps  poreux  et  en  par- 
ticulier  par  les  m6taux  de  la  f amille  du  platine.  Pt,  Pd. 
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Humboldt 

1818:  2 

Mawe 

1821:  1 
1825:  1 

. 

Humboldt 

1826:  1 

Humboldt 

1833:  7 

Lampadius   and    Piatt 

ner 

1856:  1 

Boussingault 

1861:  4 

Damour 

18S2:  2 

Seamon 

In  San  Domingo. 

1810:  1 

Moryeau 

1810:  2 

Percy 

1811:  1 

Gehlen 

1873:  1 

Vogel 

In  Meidco. 

1811:  2  Humboldt 

1874:  1  Burkart 

1875:  4  Sandberger 

1876:  3  Uslar 

In  United  States. 
1850:  3    Patterson 

California. 

1849:  2  

1850:  4  Teschemacher 

1852:  2  Genth 

1859:  3  Weil 

1862:  1  Ludwig 

1879:  1  Luthy 

Oregon. 

1854:  1    Blake 
New  York. 

1881:  2    Collier 

Pennsylvania. 
1851:  2     Genth 

North  Carolina. 

1847:  4    Shepard 
1881:  1    Hidden 
1892:  1     Venable 

Missouri. 

1859:  2    
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In  Canada. 
1851:  1  Hunt 
1886:  1 
1887:  1 
1889:  2 
1889:  3 
1890:  3 
1892:  4 
1893:  4 


1834:  3 


Hoffman 

Dawson 

Clarke  and  Catlett 

Hoffman 


Donald 


In  BuBsia. 


1826 
1826 
1827 
1827 
1827 
1828 
1828 
1828 
1828 
1829 
1829 
1829 
1830 
1831 
1831 
1833 
1835 
1835 
1842 
1842 
1843 
1843 
1844 
1846 
1859 
1874 
1877 
1881 
1884 
1890 
1891: 
1893 
1894 
1894 
1895 
1895 


Humboldt 


Kupffer 


Engelhardt 
F.  H. 


Marx 
Kupffer 

Engelhardt 


Fuchs 


Teploff 
Menge 

Humboldt 

Leplay 

Murchison 

Haidinger 

Frenzel 

Kern 


Laurent 
Helmhacker 


Inostranzeff 
Muschkjetoff 


In  Lapland. 

1870:  1    Nordenskjold 

In  France. 

1833:  3  Claubry 

1833:  4  Dangaz 

1833:  5  D'Argy 

1834:  1  Berthier  and  Becquerel 

1834:  2  Villain 


1849:  1    Ebelmen 
In  Spain. 
1806:  1    Vauquelin 
1818:  1    Heuland 

In  Bhinesand. 
1835:  4    Hopff 
1841:  1    Dobereiner 
1841:  2    F.  D.  H. 

In  Harz  Mts. 

1835:  3    Berzelius 
In  Siebengebirgen. 

1854:  4    

In  Alps. 

1848:  1    Gueymard 
In  Hungary. 

1847:  2    Moln&r 

1847:  3    Kopetzky  and  Patera 

In  Scotland. 

1869:  1    

In  Ireland. 
1850:  2    Mallet 

In  Borneo. 

1839:  2    Homer 
1855:  1    Bocking 
1858:  1    Bleekrode 
1859:  1    Bleekrode 

In  Ava. 

1833:  6    Prinsep 

In  Burmah. 
1848:  2    Faber 

In  Australia. 
1896:  1    


In  Algriers. 
1838:  1    Aim6 

In  meteorites. 
1835:  7    Osann 

In  the  sun. 
1878:  49  Lockyer 
1887:  2    Hutchins  and  Holden 

With  silver. 
1836:  2    Herberger 
1837:  1    Pettenkofer 
1848:  3    Pettenkofer 
1848:  4    Plattner 
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1852:  4    Palmstedt 

OSMIBIDIUM. 

1875:  6    

1835:  11  Dobereiner 

1876:  4    Rossler 

In  Russia. 

With  grold. 

1833:  1    Rose 

1849:  9    Pettenkofer 

1882:  1    Lasaulx 

1887:  3    Martin  (in  bullion) 

In  United  States. 

With  copper. 

1850:  3    Patterson 

1847:  1    Leuchtenberg 

1852:  2    Genth  (Cal.) 

Magnetic  ores. 

1861:  1    Torrey  (Cal.) 

1866:  1    Kokscharow 

In  Canada. 

1875:  27  Daubr§e 

1851:  1    Hunt 

1876:  1    Terreil 

1887:  1    Dawson 

1883:  la  Wilm 

1889:  3    Hoffman 

Sperrylite,  in  Canada. 

With  gold. 

1889:  1    Wells  and  Penfield 

1839:  3    Wohler 

1889:  3    Hoffman 

1843:  3     Weinlig 

1896:  2    Walker 

1887:  3    Martin 

Nickel  in  platinum. 

Ibitb. 

1876:  2    Daubrge 

1836:  1    Hermann 

1841:  3    Hermann 

Barium  in  platinum. 

1851:  3    Kenngott 

1865:  1     Kraut 

OSMITE. 

Palladium. 

1836:  1    Hermann 

In  Brazil. 

Ruthenium  and  Osmium.  Laurite. 

1825:  1    Humboldt 

1866:  2    Wohler  (Borneo) 
1869:  2    Wohler  (Oregon) 

1837:  2    Johnson    and    Lampa- 
dius 

1837:  4    Fellenberg 

Matbix  of  platinum. 

1882:  3    Seamon 

1830:  2     Engelhardt 

1882:  4    MaUet 

1839:  1    Rose 

In  Germany. 

1857:  1    Damour    and    Descloi- 
zeaux 

1829:  4    Zincken. 

1894:  2    Meunier 

1829:  5    Benecke  and  Rienecker 

(Harz  Mts.) 

In  Russia. 

1834:  4    Rose 

In  Caucasus. 

1875:  1    Descloizeaux 

1893:  5    Wilm 

1875:  2     Daubr^e 

In  meteorites. 

1893:  2    Daubree 

1893:  3    Inostranzeff 

1890:  5    Trottarelli 

1894:  1    Inostranzeff 

With  silver. 

.In  Alps. 

1861:  3     Gueymard 

1876:  4    Rossler 

Ibidium. 

5.  COMPOSITION  OF  ORES. 

1835:  6    Rose 

1829:  6    Osann 

1835:  9    Dobereiner 

In  California. 

1842:  6     Svanberg 

1854:  2    Dubois 

1844:  4     Claus 

In  Canada. 

1844:  5     Claus 
1845:  7     Osann 

1807:  1    

1S85:  2     Wilm 
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From  Biissia. 

1825:  2  Laugier 

1825:  3  Laugier 

1826:  4  Breithaupt 

1826:  5  Osann 

1844:  2  Kositzky 

1876:  1  Terrell 

From  France. 
1833:  4    Dangaz 

From  Alps. 
1852:  1    Gueymard 

From  South  America. 
1834:  6    Svanberg 
1835:  5    Berzellus 

From  San  Domingo. 
1810:  3    Vauquelin 

From  Canada. 
1880:  1    Hoffman 

Iridium  ores. 

1826:  6    Thomson 

6.  PRODUCTION. 

1828:  7    Breithaupt 
1830:  4    Humboldt 


1835 
1843 
1874 
1890 
1893 
1893 
1894 
1894: 
1894 
1894 

In  Rui 
1832: 
1841 
1842 
1842 
1845 
1845 
1849 
1852 
1860 
1862 
1862 
1871 
1873 
1876 
1876 
1885 
1888 

8 
4 
5 
6 
6 
7 
3 
4 
5 
6 

3sia 

1 
4 
1 
4 
3 
4 
3 
5 
3 
3 
4 
1 
4 
5 
6 
1 
1 

[Raj^mond] 

Helmhacker 
Keppen 

Rose 

J.  A. 

Jossa 
Jossa 

Raymond 

Frantz 

Brachelli 

Katterfeld 

Kulibin 
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1889:  4 
1890:  2 

Laurent 

1890:  4 

1890:  6 
'       1891:  1 

Helmhacker 

1891:  2 

1892:  2 
Robbery. 

1890:  7 
7.  PRICE. 

1834:  5 

Cooke 

1857:  2 
1857:  19 

Heraeus 

1876:  7 
1892:  3 

1892:  5 
Palladiun 

1. 

1823:  2 

Puymaurin 

Osmiridium. 

8.  GENERAL  TREATISES. 

1805:  3 

Wollaston 

1806:  4 

Trommsdorff 

1828:  9 

BerzeliuB 

1829:  9 

BerzeliuB 

1854:  6 

Claus 

1855:  3 

Fr6my 

1859:  8 

Claus 

1859:  9 

Deville  and  Debray 

1861:  5 

Faraday 

1861:  6 

Gibbs 

1866:  5 

Forster 

1878:  1 

Phillipp 

1878:  2 

1883:  1 

Claus 

On  platinum. 

1758:  1 

M. 

1758:  2 

Macquer 

1780:  1 

Bergman 

1782:  1 

▼on  Sickingen 

1799:  1 

Proust 

1801:  1 

Proust 

1803:  9 

Fourcroy  and  Vauquelin 

1842:  8 

Kane 

1881:  5 

Wilm 

On  palladium. 

1813:  1 

Vauquelin 

1814:  2 

Vauquelin 

1827:  13  Fischer 

1842:  8 

Kane 

1843:  6 

Cock 

1847:  11  Fischer 
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On  iridium. 

1814:  1    Vauquelin 
1854:  8    Uricoechea 
1877:  21  Debray 
1885:  23  Perry 

On  rhodium. 

1813:  1  Vauquelin 
1814:  2  Vauquelin 
1868:  1    Bunsen 

On  osmium. 

1814:  1    Vauquelin 

1833:  9    Berzelius 

1833:  11  Breithaupt 

1844:  8    Frfimy 

1859:  11  Eichler 

1863:  3    Jacobi 

1866:  9    Wohler 

1876:  10  Deville  and  Debray 

On  ruthenium. 

1846:  7    Claus 

1876:  11  ]>eville  and  Debray 

9.  DECOMPOSITION  OF  ORES. 


1804: 
1804: 
1804: 

8  Fourcroy  and  Vauquelin 

9  Fourcroy 

14  Tennant  and  Wollaston 

1807: 

1    Collet-Descotils 

1827: 
1834: 

6    Arkhipoff 
8    Wohler 

1835: 

10  Jobs 

1846: 

2    Fritzsche 

1847: 

6    Hess 

1854: 
1860: 
1873: 

5    Fr§my 

5    Deville  and  Debray 

2    Enosel 

1883: 

3     Wilm 

1885: 

2    Wilm 

10.  SEPARATION     AND     PURIFI- 
CATION OF  METALS. 


1834: 

9 

Persoz 

1857: 
1857: 

3 
4 

Deville  and  Debray 
Muckl§  and  Wohler 

1860: 
1862: 
1863: 
1864: 

5 
7 
2 

1 

Deville  and  Debray 
Deville  and  Debray 
Guyard 
Lea 

1872: 

1 

Bettendorff 

1876: 

1878: 

9 
3 

Phillipp 
Matthey 

1879: 
1885: 

4 
2 

Matthey 
Wilm 

1891: 

31 

Joly  and  Leidie 

Platinum. 

1798: 

4 

Mussin-Puschkin 

1816: 

1 

Ridolfi 

1818: 

3 

Cloud 

1822: 

1 

Barruel 

1834: 

7 

Sobolevsky 

1836: 

17 

Liebig 

1838: 

3 

Dobereiner 

1841: 

2 

F.  D.  H. 

1866: 

7 

Bimbaum 

1867: 

7 

Schneider 

1868: 

11  Chalmers  and  Tatlock 

1875: 

9 

Wagner 

1876: 

8 

1877: 

6 

Opificius 

1879: 

49  Gladstone  and  Tribe 

1880: 

3 

Wilm 

1881: 

32 

1886: 

2 

Noad 

1892: 

26 

Mylius  and  Foerster 

1892: 

27 

Mylius  and  Foerster 

1892: 

47  Warren 

Palladium 

I. 

1818: 

4 

Accum 

1829: 

7 

Wollaston 

1835: 

9 

Dobereiner 

1843: 

5 

Lassaigne 

1881: 

5 

Wilm 

Iridium. 

1830: 

5 

Quesneville 

1833: 

8 

Wohler 

1833: 

12  Persoz 

1837: 

3 

Frick 

1844: 

3 

Eositzky 

1855: 

5 

Hennin 

1866: 

7 

Birnbaum 

1867: 

3 

Schneider 

1874: 

6 

Deville,     Debray     and 
Morin 

1879: 

5 

Jungfleisch 

1883: 

29 

Dudley 

Osmium. 

1814: 

3 

Laugier 

1829: 

8 

Wollaston 

1830: 

5 

Quesneville 

1833: 

8 

Wohler 

1833: 

12 

Persoz 

18138: 

9 

Ellet 

n.  REDUCTION  TO  METAL. 

1821: 

13  Clarke 

Platinum. 

1827: 

15 

Fischer 

1829: 

14 

Kastner 

18 
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1829:  19  Fischer 

1829: 

22  Liebig 

1830:  10  Wach 

1832: 

3    Dobereiner 

1831:  8    Dobereiner 

1832: 

11  Dobereiner 

1833:  14  PhilUps 

1832: 

14 

1835:  12  Dobereiner 

1834: 

18  Bley 

1835:  13  Joss 

1835: 

9    Dobereiner 

1840:  6    Parisot 

1835: 

12  Dobereiner 

1841:  14  Bottger 

1836: 

8    Dobereiner 

1847:  20  Kessler 

1836: 

9    Dobereiner 

1858:  8    Hempel 

1858: 

8    Hempel 

1861:  16  B^champ     and     Saint 

1872: 

15  Smith 

Pierre 

1876: 

55  Zdrawkowitch 

1861:  17  Paget 

1877: 

37  B6ttger 

1861:  18  Saint-Pifirre 

1882: 

18  Mulder    and    Tan    der 

1862:  14  Saint-Pifirre 

Meulen 

1862:  15  Personne 

1886: 

36  Drechsel 

1864:  5    Bottger 

1864:  7    Bninner 

13.  ATOMIC  WEIGHTS. 

1872:  18  Bottger 

1873:  12  Russell 

1818: 
1827: 

7    Berzelius 

n 

1875:  23  Lossen 

1877:  24  

1828: 

9    Berzelius 

1882:  24  Post 

1833: 

13  Berzelius 

1893:  37  Bomtrager 

1834: 

14  Berzelius 

1895:  28  Vitali 

1835: 

18  Berzelius 

1895:  29  Stiebel 

1846: 

17  Playf air  and  Joule 

1869: 

3    Watts 

Palladium. 

1880: 

2a  Becker 

1850:  10  Reynoso 

1881: 

16  Clarke 

1862:  14  Saint-Pidrre 

1882: 

12  Clarke 

1862:  16  Personne 

1883: 

14  Meyer  and  Seubert 

1864:  7    Brunner 

1884: 

8    Clarke 

1872:  18  Bottger 

1886: 

10  van  der  Plaats 

1873:  12  Russell 

1891: 

3    Seubert 

1895:  28  Vitali 

1896: 

3    Clarke 

Iridium. 

Platinum. 

1864:  7    Brunner 

1828: 

9    Berzelius        * 

Osmium. 

1852: 

9    Andrews 

1893:  36  Gulewitsch 

1881: 

9    Seubert 

1882: 

23  Fresenius 

5.  PLATINUM  SPONGE;  prepara- 

1884: 

7    Halberstadt 

tion. 

1888: 

2    Seubert 

1826:  10  Dobereiner 

1881: 

17  Dewar  and  Scott  (vapor 

1826:  13  Dobereiner 

dens.  PtCl.) 

1829:  21  Plani&T& 

1890: 

28  Heycock    and    NeriUe 

1830:  12  Kastner 

(mol.  wt.  in  tin) 

1830:  13  Faraday 

Palladium. 

1833:  23  Bottger 

1844:  18  Hirschberg 

1828: 

9    Berzelius 

1858:  14  Brunner 

1847: 

4a  Icilius 

1874:  29  Vulpius 

1889: 

5    Keiser 

1890:  32  Loew 

1892: 

24  Bailey  and  Lamb 

1892: 

24  Keller  and  Smith 

Platinum  black. 

1893: 

28  Joly  and  Leidi6 

1800:  6    Henry 

1894: 

18  Keiser  and  Breed 

1804:  17  Proust 


1894:  20  Clarke 
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Iridium. 

1833: 

15  Dobereiner 

1826:  6    Thomson 

1833: 

21  Gobel 

1828:  9    BerzeUus 

1835: 

11  Dobereiner 

1878:  11  Seubert 

1838: 

2    De  la  Rive 

1890:  20  Joly 

1841: 

7    Wittstein 

Rhodium. 

1841: 
1842: 

8    De  la  Rive 
13  Schonbein 

1828:  9    BerzeliuB 

1844: 

9    Schaflner 

1853:  5    Schneider 

1846: 

4    Osann 

1883:  13  Jorgrensen 

1847: 

19  Hittorf 

1890:  9    Seubert  and  Kobb6 

1868: 

9    Topsoe 

Oflmium. 

1870: 

10  Fr6my 

1828:  9    Berzelius 

1870: 

18  Johannsen 

1844:  8    Fr§my 
1853:  5    Schneider 

1875: 
1876: 

15  Delachanel  and  Mermet 
28  Skey 

1857:  3    Deville  and  Debray 
1888:  3    Seubert 

1876: 

1877: 

29  Skey 

9    Jorgensen 

1891:  4    Seubert 

1882: 

16  Wilm 

1887: 

29  Reinhardt 

Huthenium. 

1889: 

7    Rousseau 

1844:  4    Claus 

1891: 

22  Kwas'nik 

1888:  14  Joly 
1889:  10  Joly 

Palladium. 

1813: 

8    Vogel 

14.  COMPOUNDS. 

1826: 

9    Miller 

GXRBBAL  TBEATIBES. 

1829: 

18  Fischer 

1833: 

21  Gobel 

1894:  7    Erdmann 

1869: 

14  Schneider 

Platinum. 

1874: 

19  Wohler 

1812:  3    Davy 

1892: 

9    Wilm 

1817:  2    Vauquelin 

Iridium. 

1820:  1    Davy 

1886:  3     Prost 

1847: 

9    Claus 

1890: 

11  Geisenheimer 

Bhodium. 

1888:  12  Leidi6 

Bhodium. 

1890:  10  Seubert  and  Kobb6 

1818: 

6    Berzelius 

Osmium. 

Osmium. 

1893:  10  Moraht  and  Wischin 

1844: 

7    Fr^my 

1846: 

9    Svanberg 

15.  OXIDS. 

1860: 

10  Mallet 

1868:  7    Wohler 

1892: 

46  Kolossow 

1878:  4    Deville  and  Debray 

Buthenium. 

Platinum. 

1875: 

18  Deville  and  Debray 

1802:  2    Cuthbertson 

1888: 

13  Debray  and  Joly 

1812:  4    Berzelius 

1890: 

35  Dufet 

1813:  8    Vogel 

1891: 

16  Joly 

1817:  14  Cooper 

1891: 

17  Joly 

1820:  4    Rose 

1821:  2    Berzelius 

16.  SULFIDS. 

1821:  5    Thomson 

1840: 

3    Fellenberg 

1826:  10  Dobereiner 

1830:  6    Berzelius 

Platinum. 

1830:  7    laebig 

1812: 

2    Davy 

1832:  2    Herschel 

1812: 

4    Berzelius 

1832:  3    Ddbereiner 

1813: 

8    Vogel 
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1821: 

3    Berzelius 

1825: 

6    Berzelius 

1834: 

10  Bottger 

1838: 

10  Reinsch 

1846: 

14  Crosnier 

1860: 

8    Sehlff 

1864: 

14  Pisko 

1869: 

13  Schneider 

1869: 

14  Schneider 

1872: 

8    Guerout 

1873: 

8    Schneider 

1874: 

23  Schneider 

1877: 

10  Bibau 

1877: 

11  von  Meyer 

1879: 

28  de  Clermont 

1879: 

29  de  Clermont  and  From 

mel 

1892: 

14  Schneider 

1893: 

17  Schneider 

1894: 

29  Schiff  and  Tarugl 

1895: 

8    Boessler 

1896: 

10  Antony  and  Lucchesi 

1896: 

15  Durkee    (thioplatin- 

ates) 

Palladium. 

1813: 

8    Vogel 

1869: 

14  Schneider 

1873: 

9    Schneider 

1874: 

23  Schneider 

1893: 

16  Petrenko-Kritschenko 

1895: 

8    Boessler 

Iridium. 

1834:  10  Bottger 
1893:  14  Antony 
1893:  15  Antony 

Bhodium. 

1821:  3     Berzelius 
1883:  6    Debray 

Osmium. 

1877:  12  von  Meyer 
Selenids. 

1818:  5    Berzelius 

1830:  9a (palladium) 

1895:  8    Boessler 

17.  HALOGEN  COMPOUNDS. 

1888:  24  Hampe 
1889:  6  Pigeon 
1893:  22  Werner 

Platinum  Chlobids. 
1782:  2    Wenzel 
1783:  1    de  Tlsle 


1797 

1    Mussin-Puschkin 

1800 

1    Mussin-PuBchkin 

1803 

.  10  Collet-Descotils 

1804 

15  Mussin-PuBchkin 

1804 

16  Mussin-Puschkin 

1817 

3    Vauquelin 

1821 

:  7    Murray 

1827 

:  9    van  Mons 

1827 

:  10  Bonsdorff 

1827 

:  11 

1828 

:  10  Bonsdorff 

1828 

:  25  Fischer 

1829: 

10  Zeise 

1830 

:  8    Hiinefeld 

1834 

.  11  Kane 

1834 

:  16  Eastner 

1835 

:  12  Dobereiner 

1835 

:  14  Mather 

1835 

:  16  Kane 

1836 

:  3    Hermann 

1838 

:  3    Dobereiner 

1843 

:  8    Gerhardt 

1846 

:  12  Bose 

1850 

:  6    Fr^my 

1850 

:  7    Wurtz 

1851 

:  5    Claudet 

1851 

:  6    Landolt 

1854 

:  10  Williams 

1854 

.  11  Gladstone  (optical) 

1854 

:  15  Schabus  (cryst.) 

1854 

:  18  Graham 

1855 

:  7    Lowig 

1855 

:  8    Anderson 

1855 

:  9    Wurtz 

1855 

16  Weltzien  (cryst.) 

1855 

17  Marignac    (cryst.) 

1856 

:  2    Scheibler 

1856 

3    Salm-Horstmar 

1856 

:  4    Hofmann  and  Cahours 

1856 

:  11  Gibbs  and  Genth 

1857 

:  9    Hofmann 

1857 

14  Descloizeaux  (cryst.) 

1858 

4    Williams 

1859 

:  15  Enop 

1860 

.  7    Boedeker 

1860 

:  9    KUppel 

1860: 

11  Hofmann 

1861 

.  2    Sella 

1861 

7    Eirchhoff  and  Bunsen 

1861 

r  8    Holzmann 

1861 

10  Lang 

1861 

:  15  Cleve 

1862 

:  11  Baudrimont 

1862 

.  13  Braun 

1863 

4    Bottger 

1863 
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1864: 

8    Schrotter 

1880 

15  Ditte 

1864: 

9    Crookes 

1880 

17  Eder 

1864: 

10  Crookes 

1881 

8    Hesse 

1864: 

13  Kopp 

1881 

13  Clarke  and  Owens 

1865: 

2    Zepharovitch   (cryst.) 

1881: 

14  Jorgensen 

1865: 

3    Cleve 

1881 

17  Dewar  and  Scott 

1866: 

16  CoTnmaille 

1882: 

10  Jorgensen 

1867: 

4    Birnbaum 

1882 

19  Gavazzi 

1867: 

6    Weber 

1882: 

21  Topsoe 

1868: 

8    Topsoe 

1883 

12  Cleve 

1869: 

26  Riemann    (as  indelible 

1883 

15  Opificius 

ink) 

1883 

:  16  de  Coninck 

1870: 

3    Norton 

1883 

:  17  Levallois 

1870: 

4    Thomsen 

1883 

:  18  Gove 

1870: 

32  Thomsen   (thermo- 

1884 

5    Jorgensen 

chem.) 

1884 

6    Jorgensen 

1871: 

6    Lawrow 

1884 

:  9    Romanis 

1871: 

19  Topsoe   and   Christian- 

1884 

:  10  Raoult 

sen  (cryst.  and  opt.) 

1885 

:  3    Cleve 

1871: 

21  Thomsen    (thermo- 

1885 

:  4    Cleve 

chem.) 

1885 

5    Jorgensen 

1872: 

3     Norton 

1886 

:  12  Foussereau 

1873: 

5    Marignac 

1887 

:  4    Malbot 

1873: 

6    Welkow 

1887 

5    Jorgensen 

1873: 

7    Qibbs 

1887 

:  8    Semmler 

1873: 

30  Schroder 

1887 

:  18  Duclaux 

1874: 

13  Thomsen 

1887 

:  52  Miesler 

1874: 

16  Welkow 

1888 

4    Engel 

1874: 

18  Cleve 

1888 

5    Stolba 

1874: 

24  Jolin 

1888 

:  6    Laird 

1874: 

31  Topsoe  (cryst.) 

1888 

7    Klinger  and  Maassen 

1874: 

41  Topsoe  (cryst.) 

1888 

:  9    Weibull 

1875: 

13  Godeffroy 

1888 

:  23  Gerlach 

1875: 

24  Meyer  and  Locher 

1888 

:  25  Walden 

1876: 

12  Nilson 

1888 

:  26  Riidorff 

1876: 

13  Nilson 

1888 

:  28  Barfoed 

1877: 

14  Calhonrs 

1889 

:  19  Ostwaid 

1877: 

42  Clarke 

1890 

:  27  Pigeon 

1878: 

6    Jorgensen 

1891 

:  5    Pigeon 

1878: 

7    Frerichs  and  Smith 

1891 

:  13  Christenen 

1878: 

8    Cleve 

1891 

:  14  Le  Bel 

1878: 

13  Nilson  and  Petterson 

1891 

23  Seubert  and  Schmidt 

1878: 

20  Bottger 

1891 

25  Pigeon  (thermo-chem.) 

1878: 

30  Clarke 

1891 

26  Pigeon  (thermo-chem.) 

1878: 

43  Thomsen  (thermo- 

1892 

7    Pullinger 

chem.) 

1892 

:  8     Shenstone  and  Beck 

1879: 

9    Heintz 

1892 

17  Jorgensen 

1879: 

10  Jorgensen 

1892 

:  43  Holleman 

1879: 

17  Reinitzer 

1892 

44  Peligot 

1879: 

18  Seelheim 

1893 

:  11  Montemartini 

1879: 

19  Meyer 

1893 

:  12  Shenstone  and  Beck 

1879: 

20  Smith 

1893 

:  13  Le  Bel  (cryst.) 

1879: 

21  Dunnington 

1893 

:  33  Lea 

1879: 

23  Gintl 

1894 

:  8     Lea 

1880: 

8     Christenseii 

1894 

10  Pigeon 

1880: 

13  Cleve 

1894 

:  17  Werner  and  Miolati 
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1895:  13  Werner 
1895:  6    Pigeon 
1895:  27  Sonstadt 
1896:  4    Herty 
1896:  5    Miolati 
1896:  6    Hake 
1896:  7    Smits 

"  Nitroso  "  chlorids. 
1840:  4    Rogers  and  Boye 
1867:  6    Weber 
1890:  8    V^zes 

GoMPOUNDB   OP   Platinum   Chlo- 
BID8.    "  Acechlorplatin." 
1829:  12  BerzeUus 
1831:  4    Zeise 
1831:  5    Zeise 
1834:  13  Liebig 
1836:  5    Zeise 
1837:  8    Liebig 
1838:  8    Zeise 
1839:  4    Malaguti 

with  phosphorus  compounds. 
1870:  5    Cahours  and  Gal 
1870:  6    Cahours  and  Gal 
1870:  7    Cahours  and  Gal 
1870:  8     Kolbe 
1870:  9    Schiitzenberger 
1870:  25  Descloiseaux  (cryst.) 
1872:  4    Schiitzenberger  and 

Fontaine 
1872:  5    Saillard 
1876:  18  Quesneville 
1878:  9    Cochin 
1881:  11  Pomey 
1885:  16  Kulisch 
1887:  6    Pomey 

with  carbon  monoxid. 
1825:  4    Zeise 
1868:  6    Schiitzenberger 
1870:  9    Schiitzenberger 
1891:  10  Mylius  and  Foerster 
1891:  11  Foerster 
1891:  12  Pullinger 

with  ethylene. 

1861 :  14  Griess  and  Martins 
1867:  5    Birnbaum 
1871:  7    Sadtler 

with  ethyl  cyanid. 
1858:  2    Henke 
1858:  3    Thaun 

Platinum  Bromids. 
1826:  7    Balard 
1828:  10  Bonsdorir 


1832: 

4    Bonsdorff 

1868: 

8    Topsoe  (cryst.) 

1871: 

19  Topsde  and  Christian- 

sen (cryst.  and  opt.) 

1874: 

41  Topsoe 

1880: 

5    Meyer  and  Zublin 

1891: 

12  Pullinger 

1892: 

34  Pigeon  (thermo-chem.) 

Chloro-bromid. 

1879: 

7    Pitkin 

"  Acebromplatin." 

1861: 

13  Nicklte 

Compound  of  platinum  bromid 
with  ethylene. 
1870:  22  Chojnacki 

lODIDS. 


1814: 

5    Buhland 

1823: 

3    Silliman 

1825: 

7    Pleischl 

1825: 

8    Pleischl 

1829: 
1832: 
1832: 
1832: 

13  Lassaigne 

5  Lassaigne 

6  Lassaigne 

7  Orfila 

1832: 

8    Kane 

1833: 

17  Kane 

1833: 

18  Kane 

1833: 

19  Lassaigne 

• 

1833: 
1835: 

20  PhilUps 
15  Mather 

1836: 

6    Buchner 

1855: 

6    Clementl 

1856: 

12  DeviUe 

1860: 

7    Boedeker 

1868: 
1878: 

8    Topsoe  (cryst.) 
21  Selmi 

Chloro-iodids. 

1868: 

2    Kammerer 

Fluobids. 

1823: 

4    Berzelius 

1877: 

8    Clarke 

1885: 

9    Moissan 

1889: 

8    Moissan 

Palladium  Chlobids. 

1827: 

11 

1828: 

10  Bonsdorff 

1846: 

12  Bose 

1867: 

7    Croft 

1869: 
1874: 

11  Topsoe  (ciyBt) 
14  Welkow 

1874: 

15  Welkow 

1874: 

17  Welkow 
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1878:  5    Godeffroy 
1879:  8    Drechsel 
1895:  13  Werner 

Compounds  with  phosphorus 
compounds. 
1892:  15  Fink 


Bromids. 

1828: 

10  Bonsdorfl 

1894: 

9    Smith  and  Wallace 

**  Acebrompalladium." 

1861: 

13  Nickl^s 

lodids. 

1825: 

8    Pleischl 

1833: 

16  Lassaigne 

1835: 

17  Lassaigne 

1856: 

12  Deville 

1875: 

22  Zenger 

IBIDIUM  ChLOBIDS. 

1811: 

6    

1814: 

4    Vauquelin 

1834: 

16  Kastner 

1836: 

3    Hermann 

1847: 

7    Claus 

1847: 

8    Claus 

1847: 

10  Claus 

1849: 

4    Jewreinow 

1852: 

6    Karmrodt  and  Uhrlaub 

1856: 

13  Keferstein  (cryst.) 

l85iB: 

7    Claus 

1860: 

6    Gibbs 

1860: 

7    Boedeker 

1866: 

18  Dragendorfl 

1875: 

14  Lasaulx  (cryst.) 

1885: 

6    Vincent 

1890: 

12  Geisenheimer    (with 

PCI.) 

1890: 

13  Geisenheimer  (with 

AsCl.) 

1890: 

20  Joly 

1890: 

37  Dufet  (cryst.) 

1891: 

27  Gladstone 

1893: 

14  Antony 

1895: 

13  Werner 

with  ethylene. 

1871: 

7    Sadtler 

Bromids. 

1865: 

6    Bimbaum 

1890: 

14  Geisenheimer  (with 

PBr.) 

lodids. 

1835: 

17  Lassaigne 

1857: 

7    Oppler 

Rhodium 
1815:  1 
1838:  4 
1856:  13 
1875:  14 
1883:  5 
1884:  2 
1885:  7 
1886:  12 
1888:  10 
1888:  11 
1892:  11 
1895:  13 


Chlobids. 
Vauquelin 
Biewend 

Keferstein  (cryst.) 
Lasaulx  (cryst.) 
Wilm 
Wilm 
Vincent 
Foussereau 
Leidi6 
Leidig 
Wilm 
Werner 


Osmium  Chlobids. 

1836:  3    Hermann 
Nitboso  Chlobids. 

1896:  9    Brizard 
Ruthenium  Chlobidb. 

1847:  10  Claus 

1857:  12  Senarmont  (cryst.) 

1859:  8    Claus 

1866:  18  Dragendorfl 

1892:  33  Joly 

Nitrosochlorids. 
1888:  14  Joly 
1889:  9    Joly 
1890:  36  Dufet  (cryst.) 
1894:  11  Howe 
1894:  11  Clark  (cryst.) 
1895:  7    Brizard 
1896:  8    Brizard 

18.  COMPOUNDS  of  platinum  with 

CARBON. 

1881:  12  Schiitzenberger 

1881:  14a  Colson 

1885:  10  Griffiths 

1890:  15  Schiitzenberger  (and 
sulfur) 

1896:  11  Moissan  (rhodium,  pal- 
ladium and  iridium) 

1896:  14  Ferreira  da  Silva  (with 
carbon  monoxid) 

19.  with  SILICON. 

1821:  4    Boussingault 
1823:  4    Berzelius  (also  rho- 
dium) 
1857:  15  Deville 
1864:  4    Winckler 
1874:  35  Reichardt 
1876:  14  Guyard 
1876:  15  Boussingault 
1882:  35  Colson 
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1882:  36  Schiitzenberger  and 

Colson 
1885:  11  Memminger 
1886:  4    Miles 
1893:  30  Warren 
1896:  12  Vigouroux 

20.  with  TIN. 

1882:  7    Ditte 

21.  with  PHOSPHORUS. 

1792:  2    Pelletier 

1812:  2    Davy 

1849:  5    Schrotter  (also  palla- 
dium) 

1883:  10  Clarke  and  Joslin  (with 
platinum  metals) 

1896:  13  A.  Granger 

with  arsenic 
1827:  12  Fischer 
1884:  4    Tivoli 

1895:  8    Roessler  (also  with  an- 
timony and  bismuth, 
and  with  palladium) 
with  boron. 

1859:  17  Martins 

22.  BROMATES. 

1841:  9    Rammelsberg       (plati- 
num and  palladium) 
lodates. 

1831:  6    Connell  (platinum) 
1845:  10  Aquilina  (platinum) 

23.  SULFITES. 
Platinum. 

1838:  5    Dobereiner 

1842:  9    Litton    and    Schneder- 

mann 
1843:  9    Berthier 
1847:  7     Claus 
1861:  9    Lang 
1866:  7    Birnbaum 
1869:  12  Birnbaum 
1890:  10  Seubert  and  Kobb4 

Palladium. 

1874:  20  Wohler 

Iridium. 

1847:  7     Claus 

1865:  7     Birnbaum 

1878:  10  Seubert 

1890:  10  Seubert  and  Kobb6 


Osmium  and  ruthenium. 
1847:  7    Claus 

Sulfates,  iridium. 
1883:  8    de  Boisbaudran 
1883:  9    de  Boisbaudran 


Thiosulfates,  platinum. 

1842: 

11  Himly 

1866: 

8    Schottlander 

1885: 

8    Johnson 

Selenates,  platinum. 

1827: 

12a  Mitscherlich 

Chromates. 

1892: 

6    Frenkel 

24.  NITRITES. 

Platinum. 

1848: 

5    Fischer 

1861: 

9    Lang 

1869: 

18  Blomstrand 

1876: 

13  Nilson 

1877: 

7    Thomsen 

1877: 

16  Nilson 

1877: 

17  Nilson 

1878: 

13  Nilson  and  Petterson 

1878: 

14  Nilson 

1879: 

12  Groth  and  Nilson 

1879:  30  Topsoe  (cryst.) 
1891:  6    V§zes 
1892:  12  Vezes 
1893:  18  VSzes 
1893:  19  V§zes 

Palladium. 
1892:  13  Vdzes 

Iridium. 

1871:  8    Gibbs 

1895:  12  Joly  and  Leidi6 

Rhodium. 
1890:  17  Leidi6 
1890:  18  Wilm 

Ruthenium. 

1889:  12  Joly  and  V^zes 
1894:  13  Joly  and  Vezes 

Phosphates,  platinum. 

1830:  9    Fischer  (platinum 

metals) 
1866:  10  Gladstone     (pyro-phoB- 

photriamate) 
1880:  6    Engel  (hypophosphite) 
1895:  9    Barnett 
1896:  16  Finck    (phospho-palla- 

die  ethers) 
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Arsenates. 

1855 

1820: 

2    Thomson        (platinum. 

1855 

palladium    and    rho- 

1855 

dium) 

1855 

1886: 

5    Gibbs  (platinum) 

1856 

Arsenites. 

1857 
1857 

1894: 

12  Reichard    (platinum 

and  palladium) 

1857 

1895: 

10  Stavenhagen 

1858 

"  Cobaltate,"  platinum. 

1859 

1799: 

4    Brugnatelli 

1859 

1896: 

34  Hazen 

1859 
1859 

Stannates,  platinum. 

1859 

1884: 

3     Schiitzenberger 

1860 
1860 

Thiostannates,  platinum. 

1860 

1892: 

14  Schneider 

1861 

Selenostannates,  platinum. 

1863 
1863 

1891: 

9    Schneider 

1863 

Platomolybdates. 

1864 
1865 

1790: 

2    Hielm 

1866 

1877: 

15  Gibbs 

1866 

1886: 

5     Gibbs 

1867 

1895: 

11  Gibbs 

1868 

Platotungstates. 

1869 

1877: 

15  Gibbs 

1869 

1886: 

5     Gibbs 

1869 

1891: 

8    Rosenheim 

1870 

1895: 

11  Gibbs 

1870 
1871 

25.  CYANIUS. 

1871 

1860: 

14  Martins 

1872 

1893: 

22  Werner 

1872 

Platinum. 

1873 

1822: 

2    Gmelin  and  Wohler 

1874 

1836: 

4    Dobereiner 

1874 

1837: 

7     Rammelsberg 

1874 

1842: 

8    Kane 

1874 

1842: 

10  Knop 

1842: 

16  Haidlen  and  Fresenius 

1875 

1847: 

14  Quadrat 

1875 

1847: 

15  Rammelsberg 

1877 

1847: 

16  Laurent 

1847: 

17  Haidinger  (opt.) 

1878 

1847: 

18  Haidinger  (opt.) 

1879 

1848: 

9     Baumert 

1880 

1849: 

7     Haidinger  (opt.) 

1880 

1850: 

9     Schabus 

1880 

1850: 

16  Brewster  (opt.) 

1880 

1852: 

10  Haidinger  (opt.) 

1880 

1853: 

9     Stokes  (opt.) 

1881 

1853: 

10  Stokes  (opt.) 

1883 
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12  Schafarik 

13  Bottger  (opt.) 

14  Stokes  (opt.) 

20  Haidinger  (opt.) 

7  Weselsky 

8  Schwarzenbach 

13  Grailich  and  Lang 

(cryst.) 

14  Bescloizeaux  (cryst.) 

17  Grailich  (opt.) 

12  Knop 

13  Werther 

14  Schwarzenbach 

18  Becquerel  (opt.) 

19  Greiss  (opt.) 

12  Hadow 

13  Czudnowicz 

16  von  Rath  (opt.) 
12  Lange 

6  Debus 

7  Dellfs 

18  Quincke  (opt.) 

11  Ditscheiner   (cryst.) 

9  van  der  Burg 
11  Rossler 

28  Lang 

8  Carstanjen 
3     Diakonow 

15  Weselsky 

17  Blomstrand 

18  Blomstrand 

19  Preiss 

29  Schoras  (opt.) 

9  Friswell 

10  Toczynski 

6  Cleve  and  Hoeglund 

(cryst.) 

7  Bolton 

11  Hoist 

18  Cleve 
24  Jolin 

31  Topsoe  (cryst.) 
40  Hagenbach-Bischoff 
(opt.) 

19  Atterberg 

20  Vidau 

18  Friswell     and     Green- 
away 
17  Bertin 
31  Lommel  (cryst.) 

11  Scholtz 

12  Richard  and  Bertrand 

30  Wiedemann  (opt.) 

31  Lommel  (opt.) 

32  Lommel  (opt.) 
30  Lommel  (opt.) 
12  Cleve 
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1883:  19  Konig  (opt.) 

1885:  3    Cleve 

1886:  6    Wilm 

1886:  7    Wilm 

1886:  13  Lehmann 

1887:  9    Wilm 

1887:  39  Himly.LeiserandBard- 

tliold 
1888:  16  Wilm 
1888:  17  Freund 
1888:  25  Walden 
1888:  26  BiidorfE 
1889:  13  Wilm 
1893:  26  Wilm 
1895:  13  Werner 
1895:  41  Macintyre 
1896:  21  Schertel 
1896:  41  Jackson 

Palladium. 

1822:  2    Gmelin    and    Wohler 

1837:  7    Rammelsberg 

1852:  10  Haidinger  (opt.) 

1853:  2    B^champ 

1856:  13  Keferstein  (cryst.) 

1866:  11  Bossier 

1869:  15  Weselsky 

Iridium. 
1834:  12a  Booth 
1837:  7    Bammelsberg 
1852:  10  Haidinger  (opt.) 

Osmiimi. 
1895:  31  Dnfet  (cryst.) 

Buthenium. 
1895:  31  Dnfet  (cryst.) 
1896:  22  Howe 

Osmiamic  acid. 
1846:  10  Fritsche  and  Struve 
1891:  15  Joly 

26.  THIOCYANATES. 
Platinum. 

1854:  9    Buckton 
1856:  5    Glaus 
1856:  13  Keferstein 
1868:  4    Skey 
1868:  5    Marcano 
1869:  14  Schneider 
1869:  18  Blomstrand 
1874:  21  Skey 
1874:  22  Skey 
1877:  19  Wyrouboff 
1877:  42  Clarke 
1880:  9    WyroubofE 


1880:  10  Marcano 

1881:  13  Clarke  and  Owens 

1891:  7    Guareschi 

Palladium. 
1867:  7    Croft 
1875:  16  Kern 

Selenocyanates,  platinum. 
1878:  18  Clarke 

27.  BASES. 

Ammoniuh. 

1856:  6    Claus 
1856:  8    Weltzien 
1862:  12  SchifE 
1893:  22  Werner 
1895:  13  Werner 


Platinum. 


1828: 
1837: 
1838: 
1838: 
1840: 
1841: 
1841: 
1844: 
1844: 
1844: 
1846: 

1846 
1846 
1847 
1847 
1849 
1850 
1851 
1851 
1852 
1854 
1855 
1855 
1856 
1856 
1857 
1860 
1864 
1865 
1866 
1866 
1867 
1867 
1869 
1869 


11  Magnus 
6    Simon 

6  Gros 

7  Kane 
5    Beiset 

10  BerzeHuB 

11  Kane 

11  Peyrone 

12  Beiset 

13  Blyth 

5  Knop     and     Schneder- 

mann 

6  Haidinger  (opt.) 

11  Baewsky 

12  Glaus 

13  Peyrone 

6  Laurent  and  Gerhardt 

8  Gerhardt 

7  Hofmann 

8  Buckton 

8  Buckton 
7    Claus 

10  Peyrone 

11  Peyrone 

9  Grimm 

10  Grimm 

11  Sella  (cryst.) 

15  Church  and  Owens 

3  Gentele 

4  Cleve 

12  Cleve 

13  Hadow 

9  Cleve 

10  Thomsen 

16  Thomsen 

17  Blomstrand 
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1870: 

11  Cleve 

Iridium. 

1870: 

12  Cleve 

1852:  7    SkoblikofE 

1870: 

13  Gordon 

1879:  11  Bimbaum 

1870: 

14  Blomstrand 

1889:  14  Palmaer 

1870: 

15  Phillips 

1895:  16  Palmaer 

1870: 
1871: 

16  Odling 
12  Cleve 

1895:  16o  Palmaer 
1896:  18  Palmaer 

1871: 

13  Cleve 

1871: 

14  Cleve 

Bhodium. 

1871: 

15  Cleve 

1882:  11  Jorgensen 

1871: 

16  Blomstrand 

1883:  13  Jorgensen 

1871: 

17  Blomstrand 

1884:  6    Jorgensen 

1872: 

9    Topsoe  (cryst.) 

1886:  9    Jorgensen 

1873: 

10  Sharpies 

1889:  15  Jorgensen 

1876: 

30  Thomsen  (thermo- 

1890:  23  Jorgensen 

chem.) 

1891:  19  JSrgensen 

1878: 

15  Phillips 

1891:  20  Jorgensen 

1879: 

15  Drechsel 

1892:  18  Jorgensen 

1882: 

8    Gerdes 

1892:  19  Jorgensen 

1882: 

9    Drechsel 

1893:  20  Jorgensen 

1882: 

20  Hofmeister 

1894:  16  Jorgensen 

1883: 

20  Blomstrand 

1896:  19  JSrgensen 

1884: 

15  Drechsel 

1886: 

8    Jorgensen 

Osmium. 

1887: 

10  Cossa 

1858:  5    Gibbs  and  Genth 

1887: 

11  Reese 

1860:  6    Gibbs 

1888: 

19  Karfoed 

1881:  7    Gibbs 

1888: 

20  Haberland  and  Hane- 

kop 
15  Jorgensen 

Buthenium. 

1889: 

1889:  11  Joly 

1890: 

21  Jorgensen 

1890:  19  Joly 

1890: 

22  Jorgensen 

1892:  20  Joly 

1890: 

23  Jorgensen 

1893:  34  Mangin 

1890: 

24  Cossa 

1893:  35  Nicolle  and  Cantacu 

1890: 

25  Carlgren 

zdne 

1890: 

26  Carlgren  and  Cleve 

1895:  15  Witt  and  Buntrock 

1892: 

16  Petersen 

Platinum  bases  with  Hydroxi 

1893: 

23  Werner  and  Miolati 

AHIN. 

1894: 

15  Cossa 

1894: 
1894: 

17  Werner  and  Miolati 
26  Kurnakow 

1871:  11  Lessen 
1887:  12  Alexander 

1896: 

13  Werner 

with  Ethtlamin. 

1895: 

14  Kurnakow 

1892:  21  Cossa 

1895: 

17  Klason 

with  Anilin. 

1895: 
1896: 

18  Klason 
17  Schou 

1848:  7    Raewsky 
1870:  12  Cleve 

1896: 

20  Werner. 

with  Pyridin. 

Palladium. 

1885:  14  Hedin 

1841: 

12  Fehling 

1892:  21  Cossa 

1853: 

1    Miiller 

1893:  21  Cossa 

1860: 

6    Gibbs 

1895:  18  Klason 

1865: 

5    Baubigny 

1896:  20  Werner 

1878: 

16  Deville  and  Debray 

with  Pyrazol. 

1880: 

7    Isambert 

1891:  18  Balbiano 

1890: 

39  Smith  and  Keller 

1892:  22  Balbiano 
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with  NicoTiN. 
1848:  6    Raewsky 

with  CONHN. 

1848:  8    Blyth 

with  ACETONAMIN. 

1876:  17  Heintz 

PLATmUM-SULFUR  BASES. 

1876:  16  Kriiger 
1885:  12  Enebuske 
1885:  13  Rudelius 
1887:  7    Lohndahl 
1888:  15  Blomstrand 
1890:  16  Lohndahl 
1895:  19  Klason 
1895:  19aHamberg 

Mercaptids. 
1834:  12  Zeise  (platinum) 
1844:  10  Wertheim   (platinum) 
1877:  13  Claesson  (platinum,  iri- 
dium and  rhodium) 

Cacodyl  compounds. 
1842:  12  Bunsen 

28.  ORGANIC  COMPOUNDS. 
Platinum  ethyl. 
1852:  11  Knop 

Oxalates,  platinum. 
1833:  15  Dobereiner 
1847:  17  Haidinger  (opt.) 
1847:  18  Haidinger  (opt.) 
1858:  6    Souehay  and  Lennsen 
1859:  16  Schlossberger 
1885:  15  Soderbaum 
1888:  18  Soderbaum 
1894:  14  Soderbaum 
1896:  20  Werner 

Rhodium. 

1890:  36  Dufet  (cryst.) 
Ureas,  platinum. 

1881:  13  Clarke  and  Owens 
Thioureas,  platinum. 

1893:  24  Kumakow 

1893:  25  Sell  and  Easterfield 

Fulminates,  platinum. 
1817:  5    Davy 
1829:  11  Davy 
1878:  12  von  Meyer 

Platinum  compounds 
with  soap. 

1790:  3    Leonhardi 
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with  anthrazothionhydrate. 

1817:  6    Grotthus 
with  camphoric  acid. 

1823:  5    Brandes 
with  oenanthic  acid. 

1837:  9    Mulder 
with  thiolactic  acid. 

1883:  11  Lovin 
with  glycocol. 

1892:  23  Wallin 

29.  CONDENSATION  OF  HYDRO- 
GEN ON  PLATINUM  (see 
also  Condensationphenoinena^ 
4T). 


1823 

:  7 

Dobereiner 

1823 

:  8 

Dobereiner 

1833 

:  22 

Boussingault 

1836 

:  4 

Dobereiner 

1868 

:  10  Graham 

1873 

:  3 

Dewar 

1873 

:  21 

Merget 

1873 

:  22  Pellet 

1874 

9 

Favre 

1874 

:  10  Favre 

1875 

:  10  Smith 

1880 

:  18 

Phipson 

1880 

19  Tommasi 

1885 

:  22 

Kritscherosky 

1892 

:  68  Erakau 

1896 

23  Friedlander  (argon) 

allaa 
1868 

lum. 
10  Graham 

1869 

4 

Graham 

1869 

5 

Graham 

1869 

6 

Wurtz 

1869 

7 

Bottger 

1869 

8 

Roberts 

1869 

9 

Dewar 

1869 

10  Hofmann 

1870 

2 

Favre 

1871- 

2 

Bottger 

1871- 

3 

Lisenko 

1871: 

4 

Mohr 

1871: 

5 

Eolbe 

1872: 

2 

Roberts  and  Wright 

1872: 

17 

Saytzefl 

1874: 

7 

Troost  and  Hautef  euille 

1874: 

8 

Moutier 

1874: 

9 

Favre 

1874: 

10  Pavre 

1874: 

12  Smith 

1874: 

38 

Bottger 

1876: 

10  Smith 
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1875: 
1876: 
1883: 

11  Laudy 

56  Bottger 

4    De  la  Rue  and  Muller 

1884: 

29  Knott 

1885: 

17  SchifP 

1885: 
1885: 

37  Larroque 
39  Traube 

1886: 

34  Knott 

1887: 

21  Keiser 

1895: 

4    Hoitsema 

1895: 

5    Krakau 

1895: 

35  Mond,  Ramsay,  and 
Shields 

1896: 

24  Tilden  (helium) 

30.  ANALYSIS.    REACTIONS. 

1828:  13  Fischer 

1862:  10  Claus 

1866:  19  Bunsen  (flame) 

1871:  20  Jean  (Na,S) 

1891:  34  Behrens  (microchem- 

ical)    ' 
1894:  22  Phillips  (H) 


Platinum. 
1826:  8 
1824:  1 
1832:  6 
1836:  6 
1845:  11 
1855:  15 
1858:  9 
1867:  13 

1876:  24 
1877:  22 
1877:  23 
1878:  21 
1880:  15 
1880:  22 

1881:  19 
1883:  25 

Palladium. 


Forchhammer  (HgNO,) 
Le  Baillif  (I  and  CuCl) 
Lassalgne  (I) 
Buchner 
Cottereau  (I) 
Vohl  (Na,S,Oa) 
Spiller  (citric  acid) 
von  Schwarzenbach 

(albumen) 
Kern  (Mg) 
Heintz  (C) 
Jorgensen  (AgNO,) 
Bottger  (P) 
Ditte  (HCl) 
Vincent  (dimethyl- 

amin) 
Field  . 
Orlowski   ((NHJ,S,Oa) 


1824:  1    Le  Baillif  (I  and  CuCl) 
1828:  15  Wetzlar  (CuCl) 
1838:  11  Lassaigne  (I) 
1851:  9     Lassaigne  (I) 
1875:  17  Kern    (1    and 

K,Fe(CN)o) 
1876:  24  Kern  (Mg) 
1876:  25  Kern   (I  and 

K.Fe(CN),) 
1880:  24  von  Fodor  (CO) 
1880:  21  Vincent    (dimethyla- 

min) 


Iridium. 

1883:  7    de  Boisbaudran 

Rhodium. 

1844:  6    Claus  (CaO) 
1844:  6    Claus  (boric  acid) 
1885:  18  Demargay  (NaOCl) 

Ruthenium. 

1846:  8    Claus 

1867:  12  Lea  (Na,SaOa) 

1894:  11  Howe 

Impurities. 

1877:  26  Galwalovski 
1879:  23  Gintl 
1890:  30  Classen 

31.  ESTIMATION. 

1879:  34  Deville  and  Mascart 
1891:  31  Joly  and  Leidie 

Platinum. 

1835:  9    Dobereiner 
1869:  19  Scheibler 
1870:  17  Topsoe 
1870:  19  Preiss  (cyanids) 
1877:  10  Ribau 

1881:  24  Wallach  (organic  com- 
pounds) 
1885:  30  Oudemans      (also     iri- 
dium and  ruthenium) 
1894:  28  Gulewitsch 
1895:  22  de  Koninck 

Palladium. 

1875:  22  Zenger 

1892:  6    Frenkel 

1878:  23  Volhard  (effect  of  pal- 
ladium on  estimation 
of  silver) 

By  ASSAY. 
1879:  24  Perry 
1880:  29  van  Riemsdijk 
1882:  26  van  Klemsdijk 
1892:  42  Matthey 
1895:  21  Pfiwosnik  (influence 
on  gold  assay) 

Platinum. 

1816:  2     Chaudet 
1837:  10  Haindl 
1878:  19  von  JUptner 
1881:  29  Balling 
1885:  21  van  Riemsdijk 
1890:  42  Matthey 
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Iridium  and  osmium. 
1834:  17  Berthier 
1857:  6    Wysocky  (gold  in  pres- 
ence of  osmiridium) 

By  EUBCTBOLYSIS. 

1892:  40  Smith 
Platinum. 

1880:  26  Luckow 

1884:  14  Classen 

1891:  28  Smith 

1891:  29  Smith  and  Muhr 

1892:  40  RiidorfP 

Palladium. 

1880:  27  Schucht 

1890:  40  Smith  and  Keller 

1890:  41  Smith  and  Frankel 

1891:  28  Smith 

1891:  29  Smith  and  Muhr 
Bhodium. 

1891:  30  Joly  and  Leidifi 

1891:  32  Smith 

Buthenium. 
1895:  20  Smith  and  Harris 

33.  SEPARATIONS. 
Platinum  and  palladium. 

1896:  26  Gohn  and  Fleissner 
Iridium  and  platinum. 

1855:  4    Saint-GiUes 

1892:  37  Antony 

Platinum  metals. 
1878:  24  de  Clermont  and  From- 

mel  (from  As) 
1880:  25  von  Jiiptner  (CJd) 
1883:  27  de  Boisbaudran  (Ga) 
1887:  25  Kriiss     and     Hoffman 

(An) 
1887:  26  Bettel  (Au) 
1887:  27  Pirngruber  (Au) 
1887:  28  Wyatt  (Au) 


1886:  15  Dirvell  (As,  Sn,  Sb) 
1886:  16  BaUey  (As,  Sn,  Sb) 
1888:  33  de  Koninck  and  Lecre- 

mier  (As,  Sn,  8b) 
1892:  38  Antony      and      Nicolli 

(As,  Sn,  Sb) 
1876:  22  Becker  (Te) 
1882:  22  de  Boisbaudran  (Ga) 
1887:  23  Warren  (Tl) 
1843:  9    Berthier  (by  SO.) 

Palladium. 

1875:  6    (Ag) 

1887:  24  Bosenbladt  (Hg) 
1866:  15  Wohler  (Cu) 
1887:  24  Bosenbladt  (Pb,Bi,  Cu) 
1882:  22  de  Boisbaudran  ((3fi) 

Iridium. 

1829:  17  Lampadius 

34.  ANALYTICAL  USES. 

Platinum  tetrachlorid  for  analy- 
sis of  alkalies. 


Platinum. 
1829:  16 
1875:  6 
1841:  13 
1845:  13 
1861:  16 


Lampadius  (Ag) 
(Ag) 


Kemp  (Au) 
Eisner  (Sn,  As) 
B^champ     and     Saint- 
PiSrre  (Sn,  Sb) 
1879:  28  de  Clermont   (As,Sn, 

Sb) 
1881:  18  Campari   (As,  Sn,  Sb) 
1886:  14  Fresenius   (As,  Sn,  Sb) 


1799 

:  3    Vauquelin 

1821 

:  6    Pf afE 

1832 

:  6    Lassaigne       % 

1846 

:  13  Fresenius 

1865 

;  8    Bedtenbacher 

1866 

:  17  Finkener 

1868: 

11  Chalmers  and  Tatloek 

1874 

:  26  Krause 

1876 

:  23  Kretschy 

1877 

:  25  Fresenius 

1879 

:  22  Precht 

1880 

:  23  Morrell 

1881 

:  20  Lindo 

1881 

:  21  Ulex 

1881' 

22  Tatloek 

1881: 

23  Zuchschwerdt  and  West 

1882 

:  23  Fresenius 

1883 

:  23  Stolba 

1885: 

20  Bottger  and  Precht 

1887 

:  13  Dittmar  and  McArthur 

1888 

:  37  de  Koninck 

1892 

:  45  Jean  and  TriUat 

1893 

:  38  VUUers  and  Borg 

lb95 

:  23  Winter 

1895 

:  24  van  Dam 

1895 

:  25  Del^pine 

1895 

:  27  Sonstadt 

1896 

:  28  HIntz 

1896 

:  29  Fabre 

1896 

:  31  Buer 

1896 

:  32  Bauer 

1896 

:  33  Precht 
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1828:  28  Dublanc  (for  I) 

1820:  23  Wohler  (combustion  of 
C) 

1831:  21  Hare  (platinized  asbes- 
tos) 

1834:  15  Brandes    (for    tartaric 
acid) 

1855:  22  Stenhouse     (platinized 
charcoal) 

1863:  7    Dellfs    (cyanid  for  al- 
kaloids) 

1876:  31  Kopfer        (elementary 
analysis) 

1876:  32  Kopfer         (elementary 
analysis) 

1876:  33  Mitscherlich      (chlorid 
for  oxygen) 

1878:  29  Kopfer         (elementary 
analysis) 

1881:  19  Field   (iodid  in  water 
analysis) 

1882:  25  Blunt  (indicator  for  I) 

1883:  24  Leeds  (iodid  for  water 
analysis) 

1883:  26  Ballo  (platinized  mag- 
nesium) 

1883:  28  Clemence        (platinum 
tube) 

1884:  13  Zulkowsky  and  Lep6z 
(platinized  quartz) 

1888:  28  Barfoed  (for  Hg) 

1888:  35  Kassner        (for        ash 
analysis) 

1890:  38  Thiele    (PtZn   in 
Marsh's  test) 

1896:  27  Tarugi  (amalgam) 

1896:  34  Hazen   (cobaltite  for 
colometric  standard) 

Palladium. 
1857:  10  Bottger  (for  gases) 
1879:  25  Hempel  (use  in  analy- 
sis of  COa) 
1881:  27  Schneider  (use  in  ana^ 

lysis  of  COa) 
1889:  20  Winkler  (use  in  analy- 
sis of  CO,) 
1884:  18  Vulpius  (for  O,) 
1882:  25  Maggi        (chlorid       in 

water  analysis) 
1853:  3    Kersting  (iodid) 
1876:  21  Chatin  (iodid) 
1884:  17  Hamack  (iodid) 
1875:  21  Selmi    (iodid  for  alka- 
loids) 
1879:  26  Hempel      (metal      for 
hydrogen) 


1879:  27  Hempel  (do.) 
1881:  26  TschirikofP  (do.) 
1886:  18  Hoppe-Seyler  (do.) 
1886:  19  SudakofP  (do.) 
1885:  22  Kritschewsky  (do.) 
1895:  30  Phillips   (chlorid  for 

hydrogen) 
1896:  30  Campbell   and   Hart 

(do.) 
1895:  34  Campbell  (palladinized 

CuO  in  organic  ana« 

lysis) 

Buthenium. 

1862:  9    Claus 

1866:  18  Dragendorff  (chlorid 
and  iridium  chlorid 
for  alkaloids) 

35.  CHEMICAL  PROPERTIES— Sol- 
ubility, etc. 

Platinum. 


1751: 

2    SchefPer 

1755: 

1    Lewis 

1761: 

1    Marggraf 

1779: 

1    Tillet 

1782: 

2    Wenzel 

1799: 

2    Priestly 

1810: 

4    Davy 

1811: 

3    Davy 

1827: 

14  Fischer 

1828: 

12  Dobereiner 

1836: 

14  Dobereiner 

1842: 

14  Millon 

1854: 

13  How 

1854: 

14  Lasch 

1859: 

10  DuUo 

1866: 

6    Schonbein 

1875: 

25  Fairley 

1878: 

22  Berthelot 

1879: 

14  Edison 

Palladium. 

1809: 

2    Cloud 

1811: 

3    Davy 

1827: 

14  Fischer 

1878: 

22  Berthelot 

Action  in  promoting  solution  of 
other  metals. 

1829:  15  Zenneck  (platinum) 

1838:  23  Dobereiner   (iridos- 

mium) 

1854:  12 (iridosmium) 

1873:  23  Gourdon  (platinum) 
1870:  30  Schonn  (passive  iron) 
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36.  AFFINITY. 

1885:  9    Moissan  (PF,) 

1883:  21  Donath  and  Mayrhofer 

1891:  21  Sudborough  (NOCI) 

1888:  21  Heyes  (valence) 

1892:  31  Sabatier    and    Sender- 

Platinum. 

ens  (NO,) 

1819:  1    BerzeliuB 

Palladium. 

1874:  25  Gramp 

1892:  29  Neumann 

1878:  42  Berthelot 

1838:  15  Bottger  (CI) 

1881:  10  Orlowsky  (toward  sul- 

1879: 16  Volta  (ozone) 

fur) 

1882:  17  Mailfert  (ozone) 

Palladium. 

1890:  29  Uhl  (SO,) 

1804:  20  Ritter 

1842:  15  Marchand      (hydrocar- 

1874: 25  Gramp 
1878:  42  Berthelot 

bons) 
1881:  6    Wilm  (hydrocarbons) 

1888:  22  Schurmann 

1892:  31  Sabatier  and  Senderens 
(NO,) 

37.  ACTION  ON  COMPOUNDS— 

Iridium. 

Platinum. 

1892:  32  Antony  (CI  and  CO) 

1817:  4    Gehlen  (As,0„  etc.) 
1874:  27  Deville      and      Debray 

(formic  acid) 
1878:  51  Tommasi     (FeCl,     and 

AgCl) 
1881:  40  Johnston    (mixture   of 

N  and  H) 
1893:  32  Mahon       (iron       com- 
pounds) 
1894:  27  Michaud      (anmionium 

amalgam) 
Action  on  Gases. 
1892:  30  Emich  (NO) 
1893:  29  Dudley     (mixture     of 

HCl  and  O) 
Platinum. 
1892:  29  Neumann 
1838:  15  Bottger  (Q) 
1877:  20  Troost    and   Hautefeu- 

ille  (CI) 
1879:  16  Volta  (ozone) 
1836:  7    Begnault  (steam) 
1846:  22  Grove  (steam) 
1847:  26  Wilson  (steam) 
1876:  26  Deville      and     Debray 

(steam) 
1829:  27  Despretz  (ammonia) 
1864:  6    Geitner  (SO,) 
1890:  29  Uhl  (SO,) 
1896:  35  Mulder  (SO,) 
1866:  14  Bottger  (H,S) 
1870:  34  Skey    (H,S) 
1842:  15  Marchand      (hydrocar- 
bons) 
1881:  6    Wilm  (hydrocarbons) 
1861:  11  Baudrimont  (PCI,) 
1864:  2    Baudrimont  (PCU) 
18S0:  20  Goldschmidt  (PCI,) 


Osmiridium. 

1846:  22  Grove  (steam) 
Rhodium. 

1881:  6    Wilm  (hydrocarbons) 

38.  PHYSIOLOGICAL  ACTION. 
1825:  10  Gmelin 

Platinum. 
1833:  25  Prevost  (chlorid) 
1840:  7    Hofer 
1878:  27  Brunton     and     Fayrer 

(on  cobra  poison) 
1878:  28  Pedlar   (on  cobra  poi- 
son) 
1882:  20  Hofmeister  (bases) 
1892:  36  Pell  (chlorid) 

Palladium. 

1871:  18  Rabuteau  (chlorid) 
"  Osmic  acid." 

1849:  8    Brauell 

1851:  10  Butlerow 

1874:  28  Deville 

Osmiamic  acid. 
1869:  20  Owsjannikow 

39.  CRYSTALLOGRAPHY. 
1843:  7    Berzelius 

Platinum,  metal. 

1820:  5  Sowerby 

1830:  3  Marx 

1840:  2  Jacquelain 

1851:  4  Ebelmen 

1855:  2  Mallet 

1857:  4  Kottig 
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1858:  10  Noquds 
1859:  5    Sorfize 
1860:  1    Cotta 
1862:  5    Phipson 
1862:  6    Noble 

1879:  6    Deville      and      Debray 
(preparation  of  FePt) 
Palladium. 
1842:  7     Rose 
1849:  10  Rose 
1853:  4     Niekl4s 
1856:  13  Keferstein 

Iridium. 

1841:  5    Rose 
1849:  10  Rose 
1853:  4     Nickl^s 
1866:  3    Cloez 
1893:  27  Prinz 

Osmium. 

1894:  10  Rose 
Osmiridium  and  iridosmium. 

1828:  6    Breithaupt 

1830:  3     Marx 

1833:  10  Breithaupt 

T833:  11  Breithaupt 

1840:  1    Breithaupt 

1882:  1    von  Lasaulx 

Ruthenium. 

1879:  6    Deville      and      Debray 
(synthetic  laurite) 

Halogen  Salts. 
Platinum. 

1854:  15  Schabus 

1855:  16  Weltzien 

1855:  17  Marignac 

1857:  14  Descloizeaux 

1861:  2     Sella 

1868:  8    Topsoe 

1871:  19  Topsoe  and  Christian- 
sen 

1873:  5    Marignac 

1874:  31  Topsoe 

1874:  41  Topsoe 

1877:  27  Schimper 

1882:  21  Topsoe 

1888:  9    Weibull 

Palladium. 

1869:  11  Topsoe 

Iridium  and  rhodium. 
1856:  13  Keferstein 
1875:  14  Lasaulx 
1890:  37  Dufet  (iridium) 
19 


Ruthenium. 

1857:  12  Senarmont 
1890:  36  Dufet 
1894:  11  Clark 

Nitrites,  platinum. 

1879:  12  Groth  and  Nilson 
1879:  30  Topsoe 
1880:  33  Groth 

Bases,  platinum. 
1857:  11  Sella 
1895:  32  Sella 

Iridium. 

1895:  16  Palmaer 

1895:  16a  Palmaer 

1895:  19aHamberg 
Gyanids,  platinum. 

1857:  13  Grailich  and  Lang 

1857:  14  Descloizeaux 

1864:  11  Ditscheiner 

186B:  28  Lang 

1872:  6    Cleve  and  Hoeglund 

1874:  31  Topsoe 

1879:  31  Lommel 

1880:  11  Scholtz 

1856:  13  Keferstein  (palladium) 

1895:  31  Dufet      (osmium     and 
ruthenium) 
Thiocyanates. 

1856:  13  Keferstein 

1877:  19  Wyroubofl 
Oxalates,  rhodium. 

1890:  36  Dufet 
Ruthenates. 

1890:  35  Dufet 

40.  OPTICAL       PROPERTIES       of 
crystals. 
Halogen  compounds. 

1852:  10  Haidinger    (palladium 

and  rhodium) 
1854:  11  Gladstone   (platinum) 
1871:  19  Topsoe   and   Christian- 
sen (platinum) 
1895:  33  Gladstone  and  Hibbert 
(platinum) 
Sulfids. 

1864:  14  Pisko  (platinum) 
Platinum  bases. 

1846:  6    Haidinger 
Cyanids  of  platinum. 

1847:  17  Haidinger     (also    oxa- 
lates) 
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1848 

:  18  Haidinger    (also    oxa- 

1858: 11  Crace-Calvert   and 

lates) 

Johnson 

1849 
1850 

:  7    Haidinger 
:  16  Brewster 

1875:  26  Deville  and  Debray 

1852 
1853 

:  10  Haidinger 
:  9    Stokes 

Platinum  salts. 

1853 

;  10  Stokes 

1873:  30  Schroder 

1855 

:  13  Bottger 

1877:  42  Clarke 

1855 

:  14  Stokes 

1878:  30  Clarke 

1855 

:  20  Haidinger 

1885:  19  Groshans 

1858 

.  17  Grailich 

1888:  23  Gerlach 

1859: 

18  Becquerel 

Palladium. 

1859 
1860 

:  19  Greiss 
:  16  von  Rath 

1833:  10  Breithaupt 

1863 

,  18  Quincke 

Iridium. 

1870 

29  Schoras 

1875:  26  Deville  and  Debray 

1874 

40  Hagenbach-Bischolf 

1880 

30  Wiedemann 

Osmiridium. 

1880 

:  31  Lommel 

1833:  10  Breithaupt 

1880 

:  32  Lommel 

1881 

30  Lommel 

Tenacity. 

1883 

19  Konig 

1809:  4    Morreau  (platinum) 

41.  PHYSICAL  PROPERTIES.- 
Gbnerax«. 


Platinum. 

1751: 

2 

Scheffer 

1755: 

Lewis 

1761: 

Marggraf 

1775: 

Morveau 

1776: 

Ingenhousz 

1798: 

Morveau 

1800: 

Rochon 

1811: 

3 

Davy 

1836: 

14  Dobereiner 

1851: 

12  Baudrimont 

1891: 

33  Heraus 

Palladium. 

1809: 

2 

Cloud 

1811: 

3 

Davy 

Osmium. 

1893: 

9 

Joly  and  V^zes 

Ruthenium. 

1893: 

8 

Joly 

42.  SPECIFIC  GRAVITY. 
1845:  12  Eopp 
Platinum. 

1791:  1    Willir  and  Norvel 
1830:  11  Osann 
1844:  14  Marchand 
1848:  11  Osann 
1848:  12  Rose 


1834:  25  Karmarsch  (platinum) 
1850:  13  Baudrimont   (platinum 
and  palladium) 

Elasticitt,  platinum. 

1844:  21  Wertheim   (and  palla- 
dium) 
1852:  13  EupfPer 
1854:  17  Knpffer 
1865:  18  Edlund 
1876:  64  Pisati 
1877:  48  Gesechus 
1887:  42  Bosanquet 
1888:  47  Rehkuh 

Expansibility. 

1869:  27  Fizeau 
Platinum. 
1851:  11  Paucker 
1858:  11  Crace-Calvert    and 

Johnson 
1861:  20  Crace-Calvert,  Johnson 

and  Lowe 
1866:  27  Matthiessen    (and   pal- 
ladium) 
1889:  41  Le  Chatelier  (and  pla- 

tinum-iridium) 
1891:  50  SeUwano 

Cafiixabitt. 
1868:  16  Quincke  (platinum  and 
palladium) 

ViBCOBITT. 

1888:  49  BaruB 
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Passivity. 

1863 

10  Heldt 

43.  FUSIBILITY. 

1847 

•  21  Hare 

1847 

.  22  Hare 

1847 

'  23  Hess 

Platinum. 

1775 

;  2    Bergman 

1777 

:  1    Morveau,  etc. 

1779 

2    Achard  (with  arsenic) 

1784 

:  1    Crell 

1784 

:  2    Ton  Sickingen 

1789 

:  1    Willis 

1790 

:  6    Buprecht 

1790 

:  7    Buprecht 

1791 

:  2    Bom 

1800 

:  3    

1802 

:  4    Marum 

1803: 

15  Tilloch 

1804 

:  19  Amicus 

1806 

:  6    Corr^a 

1809 

:  5    Children 

1810 
1813 

•  5   ■ 

7    Marcet 

1815 

:  2    Children 

1817 

:  8    Clarke 

1817 

•  9    Clarke 

1817 

:  12  Faraday 

1818 

9    Cloud 

1818 

:  10  Prechtl 

1819 

2    Gilbert 

1819 

3    Clarke 

1820 

6    Hare 

1826 

:  12  Nasse 

1827 

:  16  Eichfeld 

1835: 

19  Maugham 

1838 

12  Hare 

1839 

6    Geiseler 

1840 

:  8    Hare 

1842 

:  17  Hare 

1844 

:  15  Beich 

1845 

:  19  Biess 

1849 

13  Despretz 

1852 

•  12  DeviUe 

1856 

:  15  DeviUe 

1857 

•  16  Deville 

1859: 

7    Jaoobi 

1860 

4    Deville  and  Debray 

1862 

17  Becquerel 

1862 

18  Deville  and  Debray 

1862 

20  Aubel 

1862 

21  Herseus 

1863 

11  Bichter 

1863 

12  Aubel 

1869 

21  Skey 

1870:  21  Deville 

1871:  23  Chapman 

1872:  10  Violette 

1872:  11  Dumas 

1875:  7    

1876:  34  Diirre 

1879:  43  Violle 

1882:  13  Siemens  and  Hunting- 
ton 

1892:  35  Heycock    and     Neville 
(with  lead) 

1894:  19  Heycock    and    Neville 
(with  thallium) 

1894:  25  Spring 

1895:  43  Holbom  and  Wien 

1896:  37  Meyer 

1896:  38  Holman,  Lawrence  and 
Barr 

1896:  39  Hartley 

Palladium. 
1818:  9     aoud 
1849:  13  Despretz 
1862:  17  Becquerel 
1879:  43  Violle 
1892:  35  Heycock    and    Neville 

(with  lead) 
1895:  43  Holbom  and  Wien 

Iridium. 


1810: 

5    

1837: 

5    Bunsen 

1842: 

17  Hare 

1846: 

15  Hare 

1879: 

43  Violle 

1881: 

15  Holland     (with     phos- 

phorus) 

1882: 

14  Dudley      (with     phos- 

phorus) 

1882: 

15  Warder 

1885: 

24  Johnson,  Matthey  and 

Co. 

Bhodium. 

1818: 

9    Cloud 

1846: 

15  Hare 

Iridosmium. 

1870: 

20  [Farmer] 

VOLATILITT. 

Platinum. 

1802: 

5    Hare 

1858: 

12  Eisner 

1877: 

20  TroostandHautefeuille 

(in  chlorin) 

1879: 

18  Seelheim  (in  chlorin) 

1879: 

19  Meyer  (in  chlorin) 
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1879:  20  Smith  (in  chlorin) 

1879:  21  Dunnington  (in  chlorin) 

1879:  45  Edison 

1886:  29  Dessau 

1888:  31  BerUnep 

1838:  32  Eayser 

1891:  40  Crookes 

1891:  41  Mooser 

1892:  63  Spring 

1893:  31  Moissan 

1896:  40  Moissan 

Palladium. 

1858:  12  Eisner 


1888: 
1891: 

Iridium. 

1858: 
1879: 


31  Berliner 
40  Crookes 


12  Eisner 
45  Edison 


44.  MALLEABILTTY    and 
malleable;  platinum. 


making 


1800 

•  4    Knight 

1800 

.  5    Mussin-Puschkin 

1804 

:  6    Mussin-Puschkin 

1804 

.  15  Mussin-Puschkin 

1804 

:  16  Mussin-Puschkin 

1805 

8    Tilloch 

1813 

:  2    Leithner 

1813 

3    Gehlen 

1813 

•  4    Schweigger 

1813 

:  5    Wollaston  (wire)  • 

1814 

11  Scholz 

1829 

:  20  Wollaston 

1831: 

27  Abich 

1832 

:  15  Marshall 

1832 

:  16  Marx 

1836 

:  17  Liebig 

1836 

:  18  Liebig 

1841 

:  15  C. 

1841 

:  16  Biewend  (palladium) 

1860 

:  4    Deville  and  Debray 

1860 

.  18  Delarue 

1862 

:  22  [Storer] 

1875 

:  7    

1885 

:  24  Johnson,  Matthey  and 

Co.  (iridium) 

45.  WELDING  platinum. 

1863:  13  Griiel 

1878:  35  

1880:  14  Spring  (in  cold) 
1884:  20  Seaman 
1886:  23  Lake 


46.  THEORETICAL       BELATIOXS 

of  properties. 
1826:  15  Berzelius 
1845:  12  Kopp 
1883:  21  Donath  and  Mayrhofer 

Platinum. 
1818:  8    Montizon 
1827:  8    Osann 
1846:  17  Playiair  and  Joule 
1860:  17  Crossley 
1867:  11  Jorgensen 
1873:  13  Petterson 
1873:  15  Bottone 
1882:  34  Ealischer 
1884:  28  Bidwell 
1888:  48  Roberts-Austen    (palla- 
dium and  rhodium) 
1892:  28  Sayno 

47.  CONDENSATION     OP     GASES 

on  surface  and  attendant  phe- 
nomena (see  also  Condensa- 
tion of  hydrogen,  29) 

1834:  19  Faraday 

1858:  15  Phipson 

1874:  27  Deville  and  Debray 

1894:  35  Cailletet    and    CoUar- 
deau 

1894:  37  Berthelot 


Platinum. 
1817:  10 
1817:  13 
1818:  13 
1818:  14 
1818:  15 
1818:  16 
1818:  17 
1819:  8 
1822:  6 
1822:  7 
1823:  6 
1823:  9 
1823;  10 
1823:  11 
1823:  12 
1823:  13 

1823:  14 
1823:  15 
1823:  16 
1823:  17 
1823:  19 
1824:  3 
1824:  4 
1824:  5 


Davy 

Murray 

Sommerring 

Erman 

Gill 

Davy 


Gilbert 
Dobereiner 


Dobereiner 

Dulong  and  Thenard 

Dulong  and  Thenard 

Garden 

Gmelin 

Gilbert,    Chladin    and 

Daniell 
Herapath 
Earmarsch 
PfafP 
Pleischl 
Schweigger 
Adie 
Dana 
Dobereiner 
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1824 

:  6    Dobereiner 

1824 

:  7    Dobereiner 

1824 
1824 

:  8    Fyf  e 
:  9    Gilbert 

1824 
1824 

:  10  Henry 
:  11  Kastner 

1824 

:  12  Osann 

1824 

:  13  Sohmidt 

1824 

:  14  Turner 

1824 

:  15 

1825 

:  11  Gill 

1825 

:  12  Bischof    ^ 

1825 
1825 
1825 

:  13  Davy 
:  14  Vogel 
:  15  John 

1825 

:  16  Dulk 

1825 

:  17 

1825 
1826 

18  Stratingh 
:  10  Dobereiner 

1826 

:  13  Dobereiner 

1826 

:  14  Miller 

1828 

:  18  Erdmann 

1829 
1829 

:  22  Liebig 
:  25  Graham 

1829 

:  24  Dobereiner 

1831 
1831 

:  7    Becquerel 
:  9    Dobereiner 

1831 
1831 
1831 

:  10  Schweigger-Seidel 
:  11  Schweigger-Seidel 
:  12  Dobereiner 

1831 

;  13  Dobereiner 

1831 

:  16  Dobereiner 

1831 
1831 
1831 

:  18  Bottger 
:  19  Schweigger 
:  20  Hess 

1831 
1831 

:  22  Merryweather 
.  23  Hermbstadt 

1832 

•  9    Dobereiner 

1832 

10  Dobereiner 

1832: 

12 

1832 
1832: 

13  Phillips 

14  

1833 
1833: 

1834 

23  Bottger 

24  Degen 

20  Dobereiner 

1834 

•  21  Dobereiner 

1834 

22  Dobereiner 

1834 

23  Dobereiner 

1835 
1835 

21  Liebig 

22  Artus 

1835 

23  Hanle 

1835 
1836 
1836 

24  Henry 

10  Henry 

11  Mohr 

1836 
1836 
1838 

12  Degen 

13  Degen 

17  Kuhlmann 

1838 

:  18  Kuhlmann 

1839 

:  7    Kuhlmann 

1839 

:  8    Martens 

1839 

:  9    Grove  ^ 

1839 

:  10  Grove 

1839 

:  12  Schonbein 

1843 
1843 

:  10  Bottger 
11  Dobereiner 

1843 

12  Dobereiner 

1843 

:  13  Reiset  and  Millon 

1843 

14  Schonbein 

1844' 

17  Dobereiner 

1844* 

20  Dobereiner 

1845 

:  16  Dobereiner 

1845 

17  Schonbein 

1845 

18  Schrotter 

1849 

12  Field 

1850 
1853 
1855 

15  Wagner 
:  11  Magnus 
23  Baudrimont 

1857 

20  Schonbein 

1858 

16  Schonbein 

1859 

26  Schonbein 

1859 

27  Schonbein 

1861 

19  Saint-Edme 

1861 
1862 

21  Gorup-Besanez 
25  Wiederholt 

1865: 

17  Kraut 

1865 

18  Sell 

1866 
1866 

14  Bottger 
26  Wilde 

1867 

19  Merz 

1867 

20  Artus 

1868 

10  Graham 

1870 
1871 

35  Skey 

25  Klinkerfues 

1871 

26  Baudrimont 

1873 

24  Griiel 

1873 
1873: 

27  Coquillion 
29  Favre 

1874: 

11  Smith 

1874 

37  Wilde 

1874: 

38  Traube 

1875 

10  Smith 

1875 
1875 
1876: 

25  Fairley 
32  Coquillion 
27  Wohler 

1876 
1876: 
1876: 

57  Meyer 

58  Meyer 

59  Dumas 

1878- 
1878 
1878- 

46  Coquillion 

52  Hoppe-Seyler 

53  Gladstone  and  Tribe 

1879 

49  Gladstone  and  Tribe 

1879 

51  Koch 

1882: 

39  Berthelot 

1882' 

42  Traube 
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1883:  32  Chappuis 

1883:  34  Fromme 

1884:  12  Yalentini 

1884:  13  Zulkowsky  and  Lep^ 

1885:  44  Bellamy 

1886:  27  Grimaux 

1886:  28  Ihmori 

1886:  32  Warburg  and  Ihmori 

1887:  20  Cooke 

1887:  40  Kraut 

1887:  41  Ihmori 

1887:  54  Wright  and  Thompson 

1888:  29  Hodgkinson  and 

Lowndes 
1888:  30  Berliner 
1889:  21  Jahn 
1889:  24  Traube 
1889:  27  Ilosvay  de  N.  Ilosva 
1889:  29  Euchs 
1890:  31  Engel 
1890:  33  Loew 
1890:  34  Loew 
1890:  59  Elster  and  Oeitel 
1891:  24  Neumann  and  Streintz 
1891:  38  Warren 
1892:  10  Wilm 
1895:  35  Mond,      Bamsay      and 

Shields 

Palladium. 

1817:  10  Davy 

1817:  11  Schiibler 

1823:  9    Dnlong  and  Thenard 

1823:  18  Pleischl 

1825:  19  Wohler 

1826:  9    Miller 

1868:  10  Graham 

1869:  4    Graham 

1869:  5    Graham 

1869:  6    Wurtz 

1869:  7    Bottger 

1869:  8    Boberts 

1869:  9    Dewar 

1869:  10  Hofmann 

1869:  30  Bottger 

1873:  25  Bottger 

1873:  26  Bottger 

1873:  27  CoquilUon 

1875:  10  Slnith 

1875:  12  Troost  and  Hautefeu- 

Ule 
1875:  32  Coquillion 
1876:  53  CoquiUion 
1876:  54  CoquUlion 
1877:  39  Tommaai 
1877:  40  CoquilUon 
1877:  41  Coquillion 


1878 
1878 
1878 
1879 
1879 
1879 
1879 
1881 
1881 
1881 
1882: 
1882 
1883 
1883 
1883 
1883 
1887 
1888 
1889 
1889 
1889 
1891 
1894 
1895 


Iridium. 
1823:  9 
1823:  11 
1831:  14 
1831:  15 
1831:  16 
1883:  31 

Bhodium. 
1881:  5 
1883:  31 


46  Coquillion 

52  Hoppe-Seyler 

53  Gladstone  and  Tribe 
27  Hempel 

49  Gladstone  and  Tribe 

50  Hoppe-Seyler 

51  Koqh 

26  Tschirikoir 
36  Baumann 

40  Traube 

41  Traube 

42  Traube 

30  Traube 

31  Hoppe-Seyler 

34  Fromme 

39  Baumann 

40  Kraut 
30  Berliner 

24  Traube 

25  Hoppe-Seyler 

26  Thoma 

24  Neumann  and  Streintz 
21  Phillips 

35  Mond,      Bamsay      and 

Shields 

Dulong  and  Thenard 

Garden 

Dobereiner 

Ddbereiner 

Dobereiner 

Hoppe-Seyler 


Wilm 
Hoppe-Seyler 


GASKS 


48.  DIFFUSION         OF 

through  platinum. 
1863:  8    Mattenod 
1863:  9    DeviUe  and  Debray 
1866:  25  Graham 
1876:  61  Helmholtz  and  Boot 

Palladium. 
1894:  34  Bamsay 
1895:  34  Campbell 

49.  PHENOMENA         CONNECTED 

WITH  LIGHT. 
Platinum. 
1786:  2    Landriani 
1827:  17  Kastner 
1846:  20  Schonbein 
1870:  31  Schinz 

1871:  22  

1872:  19  Desains 
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1876:  63  Lallemand 

50.  PHENOMENA      CONNECTED 

1877:  43  Govi 

WITH    HEAT. 

1879:  44  VioUe 
1879:  48  Nichols 

Platinum. 

1879:  55  Schwendler 

1824: 

16  Dobereiner 

1881:  30  Lommel 

1828: 

25  Fischer 

1881:  37  Violle 

1828: 

26  Schwartz 

1885:  40  Knoblauch  (and  palla- 
dium) 
1886:  30  von  Aubel 

1830: 
1841: 

19  Fischer 
18  Fischer 

1853: 

11  Wiedemann  and  Franz 

1886:  31  von  Aubel 

(palladium) 

1887:  18  Duclaux  (light  on  pla- 

1853: 

12  Wiedemann  and  Franz 

tinum  chlorid) 

1858: 

18  Crace-Calvert  and 

1887:  43  Violle 

Johnson 

1888:  50  Trowbridge  and  Sabine 

1872: 

20  Buff 

(and  palladium) 

1878: 

60  Bossetti 

1888:  51  Weber 

1880: 

39  Desains  and  Curie 

1888:  53  Kundt 

1882: 

43  Poloni 

1888:  54  Kundt 

1885: 

41  Schleiermacher 

1889:  38  Emden  (and  palladium) 

1887: 

17  Guldberg    (and    palla- 

1891: 27  Gladstone      (molecular 

dium) 

refraction  IrCl*) 

1887: 

18  Duclaux  (heat  on  pla- 

1892: 61  Parmentier 

tinum  chlorid) 

1892:  62  Hertz 

1887: 

44  Bottomley 

1894:  39  Paschen 

1887: 

54  Bottomley 

1895:  33  Gladstone  and  Hibbert 

1894: 

37  Gray 

(molecular  refraction, 

chlorid) 

51.  THERMO-CHEMICAL    PHENO- 

1895: 41  Macintyre       (cyanid 

MENA      (including      s^ecifio 

screen  for  X  rays) 

heat). 

1896:  41  Jackson  (do.) 

1861: 

22  Beguault 

1896:  42  Egbert     (X     rays     on 

1893: 

41  Richards 

platinum) 

Platinum. 

Spectrum. 

1818: 

18  Dulong  and  Petit 

1861:  23  KirchofC 

1819: 

9    Dulong  and  Petit 

1868:  17  Thal^n 

1830: 

18  Weber 

1879:  47  Gouy 

1836: 

19  Pouillet 

Platinum. 

1840: 

12  Regnault 

1850:  11  Masson 

1864: 

13  Knopp 

1862:  26  Miller 

1877: 

45  Violle 

1869:  28  Gibbs 

1882: 

31  Hoadley 

1877:  44  Giamician    (and    palla- 
dium) 

1895: 

39  Crompton 

1895: 

40  Bartoli  and  Stracciati 

1879:  46  Liveing      and      Dewar 

Platinum  alloys   with   palladium 

(and  palladium) 

and  iridium. 

1882:  37  Hartley      (and     palla- 

1886: 

26  Pionchon 

dium) 

Osmium. 

Platinum  compounds. 

1863:  17  Frazer 

1864: 

13  Kopp 

1870: 

32  Thomsen 

Platinum  Light  Unit. 

1871: 

21  Thomsen 

1884:  25  Siemens 

1876: 

30  Thomsen 

1884:  26  Violle 

1878: 

43  Thomsen 

1884:  27  

1880: 

38  Berthelot 

1885:  43  Trowbridge 

1890: 

27  Pigeon 

1886:  33  von   Hefner-Alteneck 

1891: 

25  Pigeon 

1888:  52  Liebenthal 

1891: 

26  Pigeon 
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1892:  34  Pigeon 
1894:  10  Pigeon 

Palladium. 
1840:  12  Regnault 
1878:  44  VioUe 

Palladium  compounds. 
1878:  54  B^kfitoff  (hydrid) 
1880:  38  Berthelot 
1882:  38  Joannis 

Iridium. 

1840:  12  Regnault 
1856:  18  Regnault 
1859:  20  Regnault 
1864:  13  Kopp 
1879:  43  Violle 

Rhodium  and  oeomium. 

1856:  18  Regnault 
Ruthenium. 

1870:  33  Bunsen 

52.  MAGNETISM  of  platinum. 
1784:  2    von  Sickingen 
1830:  16  Gobel 
1847:  27  Lamont 
1866:  1    Eokscharow 
1880:  44  Hall 
1883:  la  Wilm 


53. 


.  PHENOMENA         CONNECTED 

WITH    ELECTRICITY. 

1879: 

52  Qore 

Platinum. 

1804: 

18  Berthollet 

1816: 
1823: 
1824: 

3    Dessaignes 
23  Becquerel 
17  Dulk 

1826: 

16  Marianini 

1827: 
1827: 

21  Despretz 

22  Harris 

1828: 

19  Erdraann 

1828: 

27  PfafC 

1833: 

27  Lenz 

1838: 

19  Schonbein 

1838: 

20  Schonbein 

1838: 

21  Andrews 

1840: 

13  Jacobi 

1840: 

14  Smee 

1841: 

21  Jacobi 

1841: 
1845: 
1846: 

22  Poggendorif 
21  Poggendorff 
16  Eisner 

1846: 
1851: 

21  Becquerel 
13  Becquerel 

1858: 
1858: 
1859: 
1864: 
1869: 
1869: 
1870: 
1870: 
1870: 
1871: 
1872: 
1873: 
1875: 

1881 
1881 
1882 
1882 
1883 
1883 
1883 
1883 
1884 
1884 
1885 
1885 
1885 
1886 
1886 
1886 
1886 
1887 
1887 
1887 
1888 
1888 
1888 
1888 
1888 
1890 
1890 
1892 
1892: 
1893 
1893 
1893 
1894 
1895 


19  Amdtsen 

20  Matthiessen 

29  Jacobi 
15  Raoult 

31  Obermayer 

32  Gaugain 
36  Skey 

38  Skey 

39  Edlund 

27  Skey 

22  Gaugain 

28  Volta 

33  Champion,    Pellet    an^ 

Grenier 

38  Nichols 

39  Streintz 

44  Braun 

45  Grossens 

34  Fromme 

35  Hankel 

36  ErouchkoU 

37  Becquerel 

30  Weiller 

31  Macfarlane 
42  Konowalow 

45  Tomlinson 

46  Cailletet  and  Bouty 

35  Peddle 

36  Drechsel 

37  Gautier 

38  Case 
56  Preece 

59  Eoosen 

60  Oberbeck 

55  Barus  (alloys) 

58  Exner  and  Turner 

59  Gore 

60  Wiedemann  and  Ebert 

61  Nahrwold 

61  Argyropoulos 

62  Le  Chatelier 

65  Herroun 

66  Bjerknes 

42  Paschen 

43  Rizzio 

45  Dewar  and  Fleming 

40  Neumann 

36  Engel     (copper-plati- 
num couple) 


Palladium. 

1845:  21  Poggendorff 
1846:  21  Becquerel 
1858:  20  Matthiessen 
1869:  33  Villari 
1869:  34  Poggendorff 
1870:  39  Edlund 
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54, 


1883:  34  Fromme 
1884:  29  Knott  (hydrid) 
1886:  34  Knott  (hydrid) 
1893:  45  Dewar  and  Fleming 
1894:  40  Neumann 

THEKMO-ELECTRICITY. 
1887:  53  Le  Chatelier 


Platinum. 

1829:  26  Becquerel 

1855:  24  Adie 

1876:  62  Knott,  MacOregror,  and 
Smith  (palladium) 

1877:  46  Thomsen  (and  palla- 
dium) 

1878:  56  Gore  (and  palladium) 

1880:  40  Bouty 

1880:  41  Gore 

1880:  42  Young 

1880:  43  Blondlot 

1887:  45  Haga 

1888:  62  Jahn 

1892:  64  BaruB  (with  iridium 
and  rhodium) 

1894:  38  Noll 

55.  POLAKISATION  PHENOMENA. 


Platinum. 


1838 
1838 
1839 
1844 
1845 
1857 
1859 
1872 
1874 
1877 
1878 
1878 
1879 
1879 
1880 
1882 
1883 
1883 
1887: 
1887 
1888 
1888 
1889 
1890 
1890 
1891 
1891 


24  Bird 

25  Matteucci 
11  J.  B. 

19  PoggendorfF 

20  Fischer 

21  Bertini 

28  Schonbein 

23  Helmholtz 

43  Macaluso 

30  Parodi  and  Mascazzlni 

55  Morley 
57  Beetz 

53  Bottger 

54  Gladstone  and  Tribe 

45  Helmholtz 

46  Streintz 

38  Pirani 

40  Gu^bhard 

57  Streintz 

58  Fromme 

56  Draper 

57  Fromme 

39  Bicharz 
60  Arons 
63  Bicharz 

51  MarkoYsky 

52  Burch  and  Yeley 


1892:  67  Koch  and  WuUner 
1893:  44  Henderson 
1893:  46  Daniel 
1893:  47  Koch 

Palladium. 
1878:  57  Beetz 
1878:  58  Exner 
1878:  59  Herwig 
1879:  53  Bottger 
1879:  54  Gladstone  and  Tribe 
1887:  57  Streintz 
1887:  58  Fromme 

56.  ELECTKOLYTIC  PHENOMENA 

— Dissociation. 
1888:  24  Hampe 
1894:  24  Mylius  and  Fromm 

Platinum. 

1878:  31  Hittorf  (chlorid) 

1878:  32  Morges  (chlorid) 

1879:  15  Drechsel 

1883:  33  Bartoli  and  Papasogli 

1884:  10  Kaoult  (chlorid) 

1884:  15  Drechsel  (and  palla- 
dium) 

1884:  16  Bartoli  and  Papasogli 

1886:  12  Foussereau  (chlorid 
and  of  rhodium) 

1886:  13  Lehmann  (cyanid) 

1887:  52  Miesler 

1888:  25  Walden  (chlorid  and 
cyanid) 

1888:  26  Biidorff  (chlorid  and 
cyanid) 

1889:  19  Ostwald  (chlorid) 

Osmium  tetroxid. 
1876:  60  Bleekrode 
1878:  31  Hittorf 

57.  ALLOYS. 
General. 


1826:  11 
1858:  13 
1860:  22 
1875:  26 
1879:  34 
11887:  16 
1894:  23 
1896:  25 


with  zinc. 
1880:  28 
1882:  6 


Newton 

Nickles 

Deville  and  Debray 

DeviUe  and  Mascart 

Debray 

Mylius  and  Fromm 

Roberts-Austen  (diffu- 
sion of  platinum  and 
rhodium) 

Debray  (and  with  lead) 
Deville      and      Debray 
(explosive) 
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with  tin. 
1887:  14  Debray 
1887:  15  Debray 

with  iron. 

1822:  4    Stodart  and  Faraday 

1878:  41  Boussingault 
Allots,  Platinuh. 

1755:  1    Lewis 

1817:  8    Clarke 

1817:  9    Clarke 

1817:  14  Cooper 

1821:  9    Murray 

1827:  18  Cooper 

1832:  19  

1838:  16  Melly 

1847:  25  Mention  and  Wagrner 

1853:  6    Bolley 

1874:  30  Winkler 

1881:  31  Bush 

1887:  22  Osmond     and      Werth 
(explosive) 

1887:  29  Beinhardt 

1888:  55  Bams 

1890:  62  Le  Chatelier 
with  potassium. 

1822:  3    Murray 
with  copper. 

1797:  2    Mussin-Puschkin 

1798:  3    Mussin-Puschkin 

1848:  10  Lyons  and  Mill  ward 

1873:  18  H61ouis  (bronze) 

1885:  26 (brass) 

1886:  21  Paillard 

1887:  16aMaumen6 
with  silver 

1796:  1    Lampadius 

1798:  3    Mussin-Puschkin 

1812:  1    Johnson 

1814:  7    D'Arcet 

1829:  16  Lampadius 

1845:  15  Weiger 

1878:  19  von  Jiiptner 

1882:  28  Spring 

1884:  32  Strouhal  and  Bams 
with  gold. 

1796:  1    Lampadius 

1802:  3    

1803:  12  Morveau 

1812:  1    Johnson 

1819:  2    Gilbert 

1824:  2    del  Rio 

1828:  16  

1845:  15  Weiger 

1878:  19  von  Jiiptner 


1885:  27  Boessler 
1889:  17  SUow 

with  zinc 
1819:  6    Pox 

1838:  14  Bottger  (and  with  cad- 
mium) 

with    mercury    (platinum  amal- 
gam) 

1797:  2    Mussin-Puschkin 

1797:  3    Bichter 

1798:  1    Morveau 

1799:  5    Mussin-Puschkin 

1799:  6    Mussin-Puschkin 

1799:  7    Mussin-Puschkin 

1803:  13  Mussin-Puschkin 

1803:  14  Strauss 

1805:  1    Chenivix 

1813:  8    Vogel 

1814:  6    Schweigger 

1821:  8    DanieU 

1830:  15  DanieU 

1834:  24  Bottger 

1835:  20  Mather 

1836:  4    Dobereiner 

1850:  12  Joule 

1857:  23  Cailletet 

1862:  19  Joule 

1876:  19  Casamajor 

1878:  45  Sabine 

1879:  40  Janecek 

1884:  11  Erouchkoll 

1887:  31  Ostermann  and  Prip 

1888:  27  Crafts 
with  aluminum. 

1822:  3    Murray 
with  thallium. 

1894:  19  Heycock  and  Nerilk 
with  germanium. 

1887:  19  Meyer 
with  tin. 

1819:  5    Clarke 

1819:  6    Fox 

1820:  3    Thomson 
with    zirconium,    glucinum.  ete. 
(earths). 

1822:  3    Murray 
with  lead. 

1819:  4    Clarke 

1867:  14  Deville  i 

1870:  24  Bauer 

1871:  24  Bauer 

1875:  29  Bauer 

1892:  35  Heycock  and  Neville 
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with  yanadium. 

1831:  25  BerzeliuB 
with  antimony. 

1819:  6    Fox 

1822:  3    Murray 
with  iron. 

1775:  1    Morrean 

1820:  7    Stodart  and  Faraday 

1838:  13  Sch5nbein 

1867:  15  

1875:  3    DeviUe 

1875:  27  Daubr^e 

1876:  20  Billings 

1887:  16aManmen6     (and    cop- 
per) 
with  nickel. 

1814:  8    LamxmdioB 

1891:  37 (••platinid,'* 

with  nickel,  iron  and 
arsenic) 
with  palladium. 

1886:  26  Pionchon 
with  iridium. 

1838:  22  Gaudin 

1859:  6    JacolA 

1860:  21  Pelouze 

1873:  14  Deville  and  Debray 

1874:  3    Morin 

1874:  6    Deville,    Debray    and 
Morin 

1874:  32  Fizeau 

1876:  65  Matthey 

1876:  66  Deville 

1881:  34  Broch,  Deville  and  Stas 

1885:  31  Stas 

1885:  33  Schamweber 

1885:  45  Tomlinson 

1886:  11  Le  Ghatelier 
•1886:  26  Pionchon 

1888:  41  Elemenaid 

1889:  16  VioUe 

1889:  41  Le  Ghatelier 

1891:  33  Heraeus 

1892:  48  Heraeus 

with  iridium  and  ruthenium. 

1885:  30  Bosscha 
Paixadium  Allots. 
with  copper. 

1848:  10  Lyons  and  MiUward 

1886:  21  Paillard 

1887:  30  Houston 

with  silver. 
1845:  15  Weiger 


with  gold. 

1827:  13 

1845:  15  Weiger 

with  mercury. 
1805:  1    Ghenivix 
1876:  19  Gasamajor 

with  lead. 

1871:  24  Bauer 

1892:  35  Heycock  and  Neville 
with  iron. 

1822:  20  Br6ant 
Ibediuh  Allots. 

]8i^9:  17  Lampadius 

1877:  21  Debray 

1879:  4    Matthey 
with  mercury. 

1837:  11  Bottger 

OSIOBXDIUH. 

1879:  35  Van  Allen 
1882:  5    Debray 
1885:  33  Schamweber 

Bhodiuic  Allots. 
1886:  21  Paillard  (with  copper) 
1827:  19 (with  gold) 

58.  USE.— General. 
Platinum. 

1798:  5    Bochon 

1800:  7    Bochon 

1828:  17  Erdmann 

1836:  14  Dobereiner 

1836:  15  Trommsdorfl 

1836:  16  Pelouze 

1872:  13  

1881:  32 

Palladium. 

1840:  11  


1846:  3    Schmidt  and  Johnston 
Iridium. 

1881:  4    

1883:  29  Dudley 
1885:  25  


59.  PLATINUM  GBUGIBLES. 
1786:  1    Morveau 
1802:  6    Ghenivix 
1832:  17  Berzelius 
1839:  5    Dobereiner 
1855:  21  Vogel  and  Beischauer 
1863:  16  Hager 

1865:  10  Stahlschmidt,    Sy    and 
Wagner 
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1866:  21  Wittstein 

1868:  12  Yogel 

1873:  16  Stolba 

1873:  17  Mohr 

1874:  33  Smith  (gold  lined) 

1892:  5    Heraeus  (gold  lined) 

1878:  33  Gooch 

1888:  39  Morse  and  Burton 

1889:  22  von  Jiiptner 

1891:  36  Warren 

1894:  30  Petrzilka 

Mending  cnicibles. 
1878:  33  Garside 
1884:  20  Seaman 
1885:  28  Pratt 
1885:  29  a  T.  H. 
1889:  40  Pratt 

Loss  of  weight  of  crucibles. 
1880:  34  Beilstein 
1888:  38  Yieth 

Gleaning  crucibles. 
1846:  18  Tonnelier 
1860:  19  Erdmann 
1860:  20  F.  G. 
1866:  4    Sonstadt 
1870:  23  Stolba 
1876:  39  Stolba 

Remoying  melt  from  crucibles. 
1876:  38  Stockmann 
1888:  34  de  Koninck 

60.  PLATINUM  VESSELS. 


1785: 

1    Morveau 

1787: 

1    Morveau 

1787: 

2    Morveau 

1790: 

4    Lavoisier 

1790: 

5    R. 

1792: 

3    BerthoUetandPelletier 

1813: 

6    Neumann 

1814: 

9    Dobereiner 

1814: 

10  Joris 

1821: 

10  Seebeck 

1828: 

23  D'Arcet 

1830: 

13  Faraday 

1831: 

26  Stieren 

1832: 

18  Bischof 

1844: 

16  Pleischl 

1870: 

26 

1877: 

35  Prentice 

1878: 

35 

liters 
1857: 

18  Mosander 

1876: 

37  Jago 

1881: 

33  Casamajor 

1882:  29  Grosjean 

1882:  30  Casamajor 

1884:  21  Gawalovski 

1886:  20  Casamajor 

1888:  40  Lenz 
Combustion  tubes. 

1876:  35  C.  J.  H.  W. 

1876:  36  Herman 

1883:  28  Clemence 

1888:  36  Dudley 
Concentration  apparatus  for  sul- 
furic acid. 

1866:  22  Scheurer-Kestner 

1872:  12  Hasenclever 

1875:  28  Scheurer-Kestner 

1876:  40  Bode 

1876:  41  Bode 

1876:  42  Bode 

1876:  44  Eessler 

1876:  45  [Zeman  and  Fischer] 

1876:  46  Bode 

1876:  47  Lamy 

1877:  33  Bode 

1877:  34  Bode 

1878:  36  EalbfLeisch 

1878:  39  Bode 

1878:  40  Scheurei^Kestner 

1880:  35  Scheurer-Kestner 

1880:  36  Kuhlman 

1892:  49  Heraeus 

1892:  51  Burgemeister 

1892:  54  Lunge 

1893:  40  Siebert 

1894:  32  Lunge 

1892:  52  Weineck   (platinum-in- 
dium) 
Pyrometers. 


1803 
1825 
1825 
1831 
1862 
1878 
1882 
1882 
1882 
1884 
1888 
1890 
1890 
1891 
1892 
1892 
1895 
1895 
1895 


11  Morveau 

20 

21 

28  DanieU 
17  Becquerel 
47  Crova 

31  Hoadley 

32  Hoadley 

33  Hoadley 

23  Tremeschini 
43  Braun 

45  Griffiths 

46  Callendar  and  Griffiths 
35  Callendar 

53  Callendar 

55  Griffiths  and  Clark 

37  Heycock  and  Neville 

38  Appelyard 

43  Holbom  and  Wien 


SUBJECT  INDEX 


301 


Coinage. 

1828:  8    

1860:  2    Jacob! 
1872:  16  Jouglet 
1877:  5    Karmarsch 

Wire. 

1823:  22  Becquerel 

1825:  22 (stringfs     for 

musical  instruments) 
1840:  10  Fischer     (strings     for 
musical  instruments) 
1877:  28  GaiflPe 

1885:  36  Bead  (for  telescopes) 
1886:  24  Banks     and     Brierley 
(for  singeing) 
Miscellaneous. 

1859:  21  Jenzsch  (triangles) 
1885:  32  de  la  Harpe  (triangles) 
1868:  13  Forbes  (forceps) 
1874:  34  Carmichael  (digester) 
1809:  3    Scott  (watch  springs) 
1827:  20  Bryant  (siphon) 

1862:  8    (standard  kilo) 

1876:  51  Luca         (lightning-rod 

points) 
1884:  24  Lewis  (burner) 
1885:  33  Schamweber      (carbon 
holder) 

1885:  34 (lamp) 

1891:  39  Walter    (anti-platinum 

incandescent  lamp) 
1818:  12  Gay-Lussac  (to  prevent 

bumping) 
1866:  20 (plated  appa- 
ratus) 
1894:  33  Baker  &  Co.  (catalog  of 

apparatus) 
1885:  37  Larroque       (palladium 
hydrogen   in   photo- 
phone) 
1890:  44  Poland  (iridium  in  in- 
candescent lamp) 
1884:  22  Anders  (osmium  in  tel- 
ephone) 
1841:  20  Johnson      (iridosmium 
for  compass  points) 
Platinum  chlorid. 

1834:  16  Kastner       (for      color 

printing) 
1862:  24  Hunt  (for  bronzing) 
1869:  26  Riemann  (for  indelible 
ink) 
Magnesium  platino-cyanid. 

1887:  39  Himly,  Leiser  and 
Bardthold  (as  sym- 
pathetic ink) 


"  Osmic  acid  "  in  microscopy. 
1878:  25  Broesike 
1878:  26  Pelletan 
1879:  32  Parker 
1879:  33  Altmann 
1880:  21  Gertes 

61.  ACTION    OF    CHEMICALS    on 
platinum  (vessels) 
1846:  19  Faraday  (platinum 

metals) 
1811:  4    Davy 
1892:  48  Heraeus 
1880:  16  Meyer      (sodium     and 

potassium) 
1825:  9    Bischof  (caustic potash) 
1879:  13  de      Koninck     (potash 

and  soda) 
1797:  4    Tennant        (potassium 

nitrate) 
1798:  2    Morveau        (potassium 

nitrate) 
1800:  2  Tennant  (potassium  ni- 
trate) 
1798:  1    Morveau        (potassium 

chlorid) 
1857:  17  Bottger         (potassium 

chlorate) 
1831:  24  Buchner      (ammonium 

nitrate) 
1817:  7    Vogel  (lithia) 
1818:  11  Vauquelin  (lithia) 
1828:  14  Kriilovanszky  (lithia) 
1884:  19  Dittmar  (lithia) 
1878:  40  Scheurer-Kestner   (sul- 
furic acid) 
1880:  35  Scheurer-Kestner    (sul- 
furic acid) 
1874:  35  Reichardt  (silicon) 
1889:  18  Warren  (silicon) 
1881:  28  R^mont  (flame) 
1845:  14  Kastner         (protection 
from  silica  and  iron) 
1847:  9    Claus    (caustic   potash 

and  salpeter  on  iri- 
dium) 
1892:  48  Heraeus         (platinum- 

iridium) 

62.  PLATING  WITH  PLATINU^^I. 
1803:  14  Strauss 
1805:  13  Stodart 
1811:  5    Morveau 
1819:  7    Howse 
1828:  20  Zuber 

1828:  21  Labont^  and  Depuis 
1830:  14  Lampadius 
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1840 
1840 
1841 
1841 
1843 
1843 
1850: 
1853 
1854 
1855 
1855 
1856 
1856 
1859 
1863 
18'64 
1865 
1866 
1866 
1866 
1867 
1867 
1868 
1869 
1869 
1872: 
1874 
1875 
1876 
1877 
1879 
1879 
1879 
1879 
1879 
1887 


Bottger 

Smee 

Bdtt^r 

EUdngton 

B5ttger 

Bromeis 

JewreinofT 

Savard 

Boseleur  and  Lanaux 

Bottger 

Landois 


Wild 


Magnus 

Thomson 

Bdttger 

Chnrch 

Church 

Dod6 


Thompson 
Blain 
Weiskopf 
Bdttger 

Clerk  and  Fawsitt 

Dod6 

Daumesnil 

Stoilel 

Winkler 


1859: 
1859: 

1865: 
1865: 
1865: 
1865: 
1865: 
1867: 
1869: 
1869: 
1870: 
1878: 
1873: 
1877: 
1887: 
1888: 
1889; 


23  Eisner 

24  Yasserot 

dium) 

12  Saly6tat 

13  Dod€ 

14 

15  Schwarz 

16  Weiskopf 

18  Bottger 
22  Bottger 

25  HofEman 
27  Jouglet 

19  Dod6 

20  B6ntgen 
32  Wright 
34 

44  Ton  Ul  janin 
23 


(and     paHs- 


Palladium. 
1876:  49  Bertrand 
1876:  50  Frantz 

Electro-plating  with  platinum. 

1862:  16  Becquerel      and     Beo- 
querel 

1886:  22  Thoms 

1887:  35  Bright  Plating  Co. 

1888:  42  Thompson 

1890:  43  Wahl 
Iridium. 

1887:  33  Dudley 

1893:  39  Dudley 
Deposition  on  Glass:  platinum. 

1828:  18  Erdmann 

1828:  22  Schweigger 

1829:  24  Dobereiner 

1853:  7    Bottger 

1859:  22  Dullo 


63.  PIGMENT  for  porcelain  psiat- 

ing. 
Platinum. 
1802:  7    Klaproth 
1821:  11  Charlton 
1821:  12  Charlton 

1822:  5    

1828:  24  Eastner 
1831:  29  St.  Amand 
1847:  24  Ludersdorif 
1849:  11  SalY^tat 
1857:  22  MuUer 
1870:  28  Schwarz 
1876:  31  Heyl 

1876:  52 (Pang's  Farbe) 

1877:  36  Kummel 

1885:  35  Boessler     (and     paQa- 

dium) 
1887:  36  Erlich  and  Storck 
1887:  37  Erlich  and  Storck 
1887:  38  Schwarz 

Iridium. 
1821:  12  Charlton 
1833:  26  Frick 
1868:  16  Frick 
1885:  35  Boessler 

64.  USE  m  PHOTOGRAPHY. 
1872:  21  Merget 

Platinum. 
1856:  14  Caranza 
1874:  42  Willis 
1879:  41  Koninck 

1879:  42 

1880:  17  Eder 
1880:  37  Fabre 
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1881 

•  35 

188S 

:  38  Needham 

1886 
1887 

:  26  Vogel 
:  46 

1887 
1887 
1887 

.  47  Pizzighelli 
:  48  Pringle 
49  WUliB 

1887 
1887 

;  50  Bory 
•  61 

1888 
1888 
1889 

;  45  Vidal  and  Vogel 

46  Reynolds 
.  28 

1889 

:  30  von  Briihl 

1889 

31  Schnanss 

1^89 

32 

1889 

33  Eder 

1889 

:  34 

1889 

.  35  Crawford 

1889 

36  Mercier 

1889< 
1890 
1890 

42  Pizzighelli 
:  47  Liesegang 
•  48  Perkins 

1890 

:  49  Clark 

1890 

:  50  Gastein 

1890 

51 

1890 

:  52  Lenhard 

1890 

:  53  Masse 

1890: 
1890 

64  Blanchar^ 
.  65  Harrison 

1890 

:  56 

1891 

'  42  Bronel 

1891 
1891 

:  43  StiegUtz 
:  44  Hezekiel 

1891 

:  45  Eder 

1891 

:  46  Hnszar 

1891 

;  47  Burton 

1892 

:  56  Eder  and  Valenta 

1892 
1892 

:  58  Pizzighelli 
:  59  Willis 

1892 

:  60  Nichol 

Palladium. 

1890:  47  Liesegang 

1890:  48  Perkins 

1891:  48  Pourtier 

1891:  49  Pilet 

1892:  57  Pourtier 

1896:  36  Kelly  and  Hamley 

Iridium. 

1874:  42  WiUis 
1889:  36  Mercier 
1890:  47  Liesegang 
1890:  67  Berthiot 
1890:  68  

Osmium. 
1889:  36  Mercier 
1890:  47  Liesegang 

ObOTATION  OP  PLATmUM. 

1830:  17 

1836:  20 

65.  EXHIBITS  AT  EXPOSITIONS. 

1862:  23  

1863:  1    Marsh 


1863: 

4 

Tunner 

1867: 

2 

Wagner 

1873: 

4 

Raymond 

1874: 

4 

Beilstein 

1878: 

2 

1894: 

31 

Lunge 

1895: 

3 

Andreoli 

66.  BIBLIOGRAPHY. 

1883: 

1 

Claus    (platinum 
als) 

met- 

1872: 

7 

Bolton         (magnesium 

platinocyanid) 

1885: 

23 

Perry  (iridium) 
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LETTER  OF  TRANSMITTAL 


Washington,  April  5th,  1897. 
The  Committee  on  Indexing  Chemical  Literature,  appointed  in  1882 
by  the  American  Association  for  the  Advancement  of  Science,  has  voted 
to  recommend  to  the  Smithsonian  Institution  for  publication  the  follow- 
ing :  — 

Review  and  Bibliography  of  the  Metallic  Carbides, 

by  J.  A.  Mathews,  M.  S.,  M.  A.,  School  of  Mines,  Columbia  University, 
New  York. 

H.  CARRINGTON   BOLTON,  Chairman. 

Mr.  S.  p.  Lamgley, 

Secretary  of  the  Smithsonian  Inttitution, 


INTRODUCTION. 


Most  of  the  literature  of  the  metallic  carbides  is  of  recent  date,  yet  the 
beginnings  of  the  studies  upon  compounds  of  carbon  with  metals  take 
us  back  to  the  very  dawn  of  the  present  century,  for  during  its  first  years 
chemists  described  such  compounds.  The  relation  of  carbon  to  iron  in 
steel  was  said  to  be  that  of  a  true  chemical  compound  as  early  as  1800, 
and  in  1808  Davy  prepared  the  carbide  of  potassium.  At  intervals  from 
that  time  to  the  present  new  carbides  have  been  described. 

In  looking  over  the  old  references  one  cannot  but  notice  that,  with  few 
exceptions,  the  carbides  described  therein  are  of  those  metals  concerning 
which  there  is  to-day  the  greatest  doubt  as  to  their  forming  such  com- 
pounds at  all.  For  example,  about  sixty  years  ago  a  general  method  was 
given  for  forming  the  carbides  of  iron,  copper,  lead,  zinc,  bismuth,  silver, 
tin,  and  manganese  by  heating  in  a  retort  their  sulphocyanides,  air  being 
excluded  during  the  operation.  It  was  said  that  sulphide  of  carbon  and 
nitrogen  were  evolved ;  the  reactions  working  parallel  to  this :  — 

Fe(SCN)rfheat=FeC-fCSjr|-N,. 
The  preceding  list  contains  at  least  four  elements  which  are  not,  at  thb 
time,  supposed  to  form  carbides.  Frequent  mention  of  other  carbides  is 
made  in  old  works  on  chemistry.  In  the  light  of  recent  investigation 
these  seem  of  doubtful  worth,  as  the  compounds  mentioned  find  no  place 
in  modem  works,  or  else  their  existence  has  been  denied.  Some  of  these 
old  references  are  given  later  without  comment  as  to  their  value,  the 
reader  being  free  to  accept  or  reject  any  of  them. 

In  consideration  of  the  interest  manifested  by  chemists  recently  in  this 
class  of  bodies,  it  seems  that  a  brief  review  of  the  work  done  to  date  may 
be  of  considerable  interest  to  the  general  reader ;  while  this,  in  conjunc- 
tion with  the  bibliographical  references,  it  is  hoped  may  be  of  some  value 
to  the  chemical  student  or  investigator.  With  these  two  ends  in  view  the 
following  pages  were  compiled. 

The  general  plan  has  been  to  give  a  very  condensed  account  of  the 
methods  of  preparation,  physical  and  chemical  properties  of  the  carbides 
now  known,  considering  them  in  alphabetical  order.  Following  each 
descriptive  portion  are  the  references  to  the  literature  bearing  thereon. 
The  titles  of  original  papers  are  in  most  cases  given  in  full,  that  the  scope 
of  the  article  may  be  judged  therefrom.    Minor  articles  and  abstracts  are 
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also  largely  given ;  in  this  way  the  value  of  the  bibliography  is  increased 
to  those  who  have  not  ready  access  to  extensive  reference  libraries,  since 
the  same  matter  is  referred  to  as  given  in  various  publications,  to  one  or 
another  of  which  most  chemists  have  access. 

Within  the  last  five  years  the  renewed  attention  of  chemists  has  been 
turned  toward  this  class  of  compounds,  and  new  carbides  have  been  pro- 
duced in  rapid  successiorL  Experiments  upon  the  reduction  of  metallic 
oxides  by  means  of  carbon  in  an  electric  furnace  have  resulted  in  the  pro- 
duction of  many  of  the  newly  discovered  carbides.  In  studying  the  litera- 
ture of  these  compounds,  the  work  of  one  man  is  especially  noticeable. 
More  than  to  all  other  chemists  together  is  praise  due  M.  Henri  Moissan 
for  the  untiring  energy  with  which  he  has  investigated  the  carbo-metallic 
compounds.  So  often  has  he  astonished  chemists  with  the  results  of  his 
electro-chemical  experiments,  that  new  discoveries  by  him  are  likely  to  be 
considered  as  a  matter  of  course.  M.  Moissan's  work  upon  artificial 
diamonds  is  one  of  the  greatest  achievements  of  sdenoe  in  imitating 
nature's  methods. 

In  conducting  his  experiments  Moissan  makes  use  of  an  electric  furnace 
of  very  simple  construction.  It  consists  of  a  limestone  block  in  the  upper 
surface  of  which  is  chiseled  a  rectangular  cavity,  which  is  lined  with  a 
coating  of  magnesia  and  of  carbon.  Through  opposite  sides  of  the  block 
are  inserted  stout  carbon  electrodes,  and  through  one  of  the  other  sides 
is  an  opening  through  which  a  carbon  tube  is  inserted.  In  this  tube  the 
materials  to  be  heated  are  placed  and  thus  inserted  into  the  arc.  It  is 
estimated  that  a  temperature  of  4000°  is  obtained  in  this  furnace.  Before 
using  the  furnace  it  is  covered  with  another  piece  of  limestone,  on  the 
lower  side  of  which  are  layers  of  magnesia  and  carbon,  which  fit  into  or 
cover  the  cavity  of  the  lower  block.  So  poorly  do  these  materials  conduct 
heat  that  the  hand  may  be  kept  on  the  outside  of  the  furnace  for  several 
minutes  after  the  current  is  stiuted. 

The  literature  of  the  metallic  carbides  is  as  yet  confined  to  periodicab. 
Following  the  main  portion  of  this  paper  is  given  an  author's  index, 
together  with  the  elements  to  the  literature  of  whose  carbides  each  has 
contributed.  By  referring  back  to  the  page  upon  which  such  carbides  are 
discussed  the  full  references  will  be,  found.  Below  are  given  a  few  refer- 
ences having  a  general  bearing  upon  the  carbides. 

Moissan.    **  Snr  un  nouveau  module  de  four  ^lectrique  k  r^verb^re  et  \  ^lectnxfes 

mobiles."    C.  R.  117,  p.  679. 
Moissan.    "  Cristallisation  du  carbon  sous  Taction  d'un  dissolvant  m^tallique.**    BuD. 

Soc.  Chim.  (1895)  [3]  i3»  P-  8o8- 
Maisson.    "  Sur  ]a  formation  des  carbures  d*hydrog^ne  gazeux  et  liquidea  par  I'actioii 

de  Teau  sur  les  carbures  m^talliques.    Classification  des  carbures.**  Bull.  Soc.  Chim. 

(1896)  [3],  i6kp.  1284.  or  C.  R.  (1896)  p.  1462,  or  Ztschr.  Elektrocfaem.  (1896) 

Pi34- 
Moissan  (concerning  those  carbides  which  are  decomposed  by  cold  water).    Ann.  de 
chim.  [7]  9,  p.  302  ;  or  Chem.  CentrbL  (1896)  pt.  2,  p.  1082. 
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BoRCHERS.    "Die  elektrischen  Ofen  tox  Metallgewiimimg,  u.  s.  w.'*    Ztschr.  Elektro- 

chem.  (1896)  p.  189  and  p.  213. 
Ahrkns.  "  Die  Metallcarbide  und  ihre  Verwendong."    Sammlung  chemischer  iind  che- 

misch-techniscber  Vortrage,  vol.  I,  part  i,  1896. 

With  this  explanatory  introduction  the  following  pages  will,  it  is  hoped, 
be  clear  to  all  whose  interest  in  the  metallic  carbides  leads  them  to  con> 
suit  thisy  —  a  bibliographical  dictionary  of  those  compounds. 

J.   A-   MATHEWS. 
Chemical  Department, 
Columbia  University, 
January,  1897. 

Note.  —  During  the  period  since  the  manuscript  of  the  present  work 
was  submitted  there  has  appeared  a  great  deal  of  original  material  upon 
the  carbides.  Especially  must  be  noted  a  number  of  books,  and  the 
addition  of  these,  together  with  the  more  important  journal  references, 
will  add  very  materially  to  the  usefulness  of  this  bibliography. 

Book  References :  — 
Ahrens.    Handbuch  der  Elektrochemie,  Stuttgart,  1896. 
MoissAN.    Le  Four  electrique,  Paris,  1897.    385  pages. 

Zettbl.    Authorized  German  translation  of  the  above.    Berlin,  1897,  360  pages. 
Panaotovic.    Caldumcarbid  und  Acetylen,  in  Vergangenheit,  Gegenwart  und  Zukunft 

Leipzig,  1897, 8vo. 
Pictbt.    L* Acetylene.    Son  pass^,  son  present,  son  avenir.    Geneve,  1896,  8vo. 
Pbllissibr.    L*£dairage  a  Tac^tyl^ne.    Paris,  1897,  8vo. 
Pbrrodil.    Le  carbure  de  calcium  et  Tac^tyl^ne.    Lea  Fours  ^lectriques.     Paris, 

1897,  i6mo. 
Lbfevrb.    Carbure  de  calcium  et  Tac^tyline.    Paris,  1898,  lamo. 

Journal  References :  — 
(AI4C8.)    Moissan.    Ann.  de  chim.  [7]  9,  p.  302.    (From  CaCs  and  alumina)  C.  R. 

(1897)  CXXV,  p.  839. 
(BaCs.)    BuLLiER.    Ber.  d.  chem.  Ges.  XXVIII,  ref.  p.  41. 
(CaCs.)    Moissan.    Nouvelle  m^thode  de  preparation  des  carbures  par  Taction  du 

carbure  de  calcium  sur  les  oxyds.    C.  R.  (1897)  CXXV,  p.  839. 
YvoN.    De  Tcmploi  du  CaCs  pour  la  preparation  de  Talcool  absolu.    C.  R.  (1897) 

CXXV,p.  1181. 
Le  Chatelibr.    Sur  les  impuret^s  des  carbures  de  calcium  commercial.    Boll.  Soc. 

Chim.  (1897)  [3]  XVII,  p.  793. 
Warren.    (CaC^  as  a  reducing  agent.)    Cheo^  News  (1897)  75,  p.  2.   J.  Chem.  Soc. 

(i897)LXXII,  p.2i2. 
(CeCs.)    Moissan.    BuU.  Soc.  Chim.  (1897)  [3]  XVII,  p.  261. 
(Cr4C  and  CrgC^.)    Moissan.    C.  R.  (1897)  CXXV,  p.  839. 

(Iron  carbides.)   Hans  Freiherr  von  Juptner.  Kohlenstoffiormen  im  Etsen.  Samm- 
lung chemischer  und  chemisch-technischer  Vortiiige,  Vol.  I,  parts   11   and  12 

(1896). 
Moissan.    Preparation  du  carbure  de  fer  par  union  directe  de  m^tal  et  du  carbone. 

C.  R.  (1897)  CXXIV,  p.  716.  Bull.  Soc  Chim.  (1897)  [3]  XVIII,  p.  540.  J.  Chem. 

Soc.  (i897)LXXII,p.375. 
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Mylius»  Foerster,  Schoems.    Ueber  das  CarUd  des  gegliihten  Stahls.    Ber.  d.  diem- 

Gcs.  (1897)  XXIX,  p.  2991.    Bull.  Soc.  Chim.  (1897)  [3]  XVIII,  p.  531. 
(LaCa.)    Pbttersson.    Ber.  d.  chem.  Ges.  (1896)  XXVIII,  p.  2432. 
MoissAN.    Chem.  News  (1896)  74,  p.  84.    Ber.  d.  chem.  Ges.  (1897)  XXIX«  ret  p. 

618. 
(LifCs.)    MoissAN.    Boll.  Soc.  Chim.  (1897)  [3]  XVII,  p.  26a    Ber.  d.  Chem.  Gcs. 

(1897)  XXIX,  ref.  p.  2ia 
GuNTZ.    C.  R.  (i896)CXXIII,  p.  1273.    J.  Chem.  Soc  (1897)  LXXII,  p.  212, 
(MusC.)    Moissan.    Chem.  News  (1896)  73,  p.  141.   Ber.  d.  chem.  Ges.  (1897)  XXIX, 

ref.  pp.  266  and  614.    C.  R.  (1897)  CXXV,  p.  839. 
(MnsC.)    Moissan.    C.  R.  CXXII,  p.  1462.    Ber.  d.  chem.  Ges.  (1897)  XXIX,  rcL  p. 

614.    C.  R.  (1897)  CXXV,  p.  839. 
(SiC.)    RiNNE.    Jsb.  t  Mineral.  (1897)  II,  p.  1-27.    Chem.  CentrU.  (1897)  Bd.  II, 

p.  724. 
Moissan.    (From  SiOs  and  CaCs.)    C.  R.  (1897)  CXXV,  p.  839. 
Fitzgerald.    (Upon  the  development  of  the  CSi  industry.)    J.  Frankl.  Inst  143, 

p.  81.    J.  Am.  Chem.  Soc.  (abs.)  (1897)  XIX,  p.  36. 
(NasC2.)    Matignon.    Propri^t^s  du  carbixre  de  sodium.    C.  R.  (1897)  CXXV,  p. 

1033.    (NaHCa)  C.  R.  (1897)  CXXIV,  pp.  775  and  1026.    Bull  Soc  Chim.  [3] 

XVIII,  p.  540. 
DE  Forcrand.    (Heat  of  formation.)    C.  R.  (1897)  CXXIV,  p.  11 53.    Boll.  Soc 

Chim.  (1897)  [3]  XVIII,  p.  726. 
(TiC.)    Moissan.    C.  R.  (1897)  CXXV,  p.  839.    (From  Ti02  and  CaCj). 
(WaC.)    Moissan.    C.  R.  (1897)  CXXV,  p.  839. 
(UrsCg.)    Moissan.    Bull.  Soc.  Chim.  (1897)  [3]  XVII,  p.  12.    Ber.  d.  chem.  Gcs. 

XXIX,  ref.  p.  207. 
(VaC.)    Moissan.    Ber.  d.  chem.  Ges.  XXIX,  ref.  p.  580.    Chem.  News  (1896)  74. 

p.  29. 
(ZrCa.)    Troost.    Ber.  d.  chem.  Ges.  XXVI,  ref.  p.  483. 
(ZrC.)    Moissan  and  Lengfeld.    Ber.  d.  chem.  Ges.  (1897)  XXIX,  ref.  pp.  343  and 

614.    Chem.  News  (1896)  74,  p.  175. 

These  additions  include  the  more  important  contributions  to  the  litera- 
ture of  the  carbides  during  1897,  together  with  a  few  from  the  latter  part 
of  1896,  which,  with  the  main  portion  of  this  paper,  constitute  a  nearly 
complete  bibliography  of  these  compounds. 

THE  AUTHOR. 

March,  1898. 
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REVIEW  AND   BIBLIOGRAPHY  OF  THE 
METALLIC   CARBIDES. 


ALUMINUM  AND  CARBON. 

Moissan  has  prepared  a  carbide  of  aluminum  (i)  from  kaolin  and 
carbon,  and  (2)  from  metallic  aluminum  and  carbon.  The  method 
employed  was  to  put  the  Al  in  a  carbon  boat  and  heat  for  five  to  six 
minutes  in  the  electric  furnace.  Hydrogen  was  passed  through  the  car- 
bon tube  of  the  furnace  both  during  heating  and  while  cooling.  A  current 
of  300  amperes  and  65  volts  was  used.  From  this  process  results  a  mix- 
ture of  Al  and  AI4CS.  The  AI4C8  consists  of  yellow,  transparent  crystals ; 
sp.  gr.  2.36  j  decomposed  at  red  heat  by  CI  or  Br,  leaving  a  residue  of 
amorphous  carbon.  Water  decomposes  it  in  the  cold,  thus :  — 
C,Al4+i2H,0=3CHrf2Al8(OH)fl. 

LITERATURE. 

Moissan.    Preparation  d*an  carbure  d'almninium  cristallis^.    C.  R.  (1894)  v.  119,  p.  16, 

or  Bull.  Soc.  Chim.  [5]  1 1,  p.  loio,  or  Abs.  J.  Chem.  Soc.  (1894)  66,  pt  2,  p.  450, 

Chem.  Centrbl.  (1894)  65,  pt  2,  p.  268.    Sre  also 
Moissan.    Reduction  de  ralumine  par  le  charbon.     C.  R.  (1894)    119,   p.  935,  or 

Abs.  J.  Chem.  Soc.  (1895)  68,  pt.  2,  p.  226. 
Dkville.    Ann.  de  Chim.  [5]  45,  p.  15. 
Mallet.    Ueber  Stickstoffaluminium  and  die  Einwirkung  von  Aluminum  auf  Kohlen- 

stofikalium  bei  hoher  Temperatur.     Ann.  Chem.  186,  p.  155. 

ALUMINUM,   BORON,   AND  CARBON. 

A  very  refractory  substance,  to  which  the  formula  AlsCsB^  has  been 

given,  is  interesting  because  of  its  great  hardness,  between  corundum 

and  diamond. 

LITERATURE. 

Hampe.    Ueber  das  Bor.    Ann.  Chem.  (1876)  183,  p.  75.     See  also 
WoHLER  AND  St.  C.  Dkville.    Ann.  Chem.  loi,  ps.  1 13  and  347. 

BARIUM   AND  CARBON. 

The  carbide  of  barium  may  be  made  in  the  electric  furnace  in  the  same 
way  as  calcium  carbide  (q.  v.).  It  also  results  by  heating  together  BaCOa, 
Mg  and  C  according  to  this  reaction :  — 

BaCOrf3Mg+C=BaCrf-3MgO. 
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In  the  electric  furnace  either  BaCOs  or  BaO  may  be  employed.  BaQ 
forms  dark  colored  crystals,  sp.  gr.  =  3.75y  decomposed  by  water, 
thus :  — 

BaCjr|-2H80=QHjr|-Ba(OHV 
At  high  temperatures  the  carbides  of  the  alkaline-earths  react  violendy 
with  the  halogens. 

LITERATURE. 

Maquenne.    Sur  un  carbare  defini  du  baryum.    C.  R.  114,  p.  361. 

Maquenns.    Sur  une  noavelle  preparation  de  Tac^tyl^ne.    C.  R.  (1892)  iiSi  p.  55S. 

Bu  LLiER.    Deutsches  Reichipatent,  77, 1 68. 

MoissAN.    Etude  des  ac6tylures  cristallis^s  de  baryum  et  de  strontium.    C.  R.  (1894) 

118,  p.  683,  or  Chem.  Centrbl.  (1894)  65,  pt.  i,  p.  856,  or  Bull.  Soc  Chim.  [3]  11, 

p.  1007. 

BORON  AND  CARBON. 

Two  carbides  of  boron  have  been  described,  BC  or  BgCf,  and  BsC. 
According  to  Moissan  two  compounds  are  formed  in  the  electric  furnace, 
one  of  which  is  permanent  and  resists  the  action  of  KClO^HNOs,  while 
the  other  compound  is  broken  down  by  this  treatment  He  has  given 
the  more  stable  compound  the  formula  ^sC.  It  is  produced  when  boron 
and  certain  boron  compounds  are  heated  with  carbon  in  the  electric  fur- 
nace. Black,  shining  crystals,  sp.  gr.  2.51,  harder  than  carborundum,  and 
with  it  new  facets  may  be  cut  upon  diamonds.  CI  at  high  temperatures 
decomposes  it  with  deflagration,  chloride  of  boron  and  carbon  resulting. 
Very  slowly  oxidized  at  1000^,  it  is  not  acted  upon  by  mineral  acids,  nor 
by  S,  P,  N,  Br,  or  I. 

Miihlhauser  heated  together  in  an  electric  furnace  boric-anhydride  and 
carbon.  The  product  he  treated  twice  with  hot  HCl,  then  with  HF,  and 
H9SO4.  There  remained  a  graphite-like  mass,  which  by  analysis  showed 
the  composition  BC  or  BsCj.  The  compound  is  fusible  at  a  high  tempera- 
ture and  is  decomposed  by  fusion  with  alkali. 

LITERATURE  (BeC). 

Moissan.    Action  de  Tare  ^lectrique  sur  le  diamant,  le  bor  amorphe  et  le  sOidiim 

cristallis^.    Bull.  Soc.  Chim.  [3]  11,  p.  993,  or  C.  R.  xi7,p.  423,  or  Abs.  J.  Chem. 

Soc.  (1894)  66,  pt.  2,  p.  42. 
Moissan.    Preparation  et  propri^tds  du  bonire  de  carbone.    C.  R.  (1894)  118,  p.  556^ 

or  Abs.  J.  Chem.  Soc.  (1894)  66,  pt  2,  p.  279,  or  BuU.  Soc.  Chim.  (1894)  [j]  ii« 

p.  998.    See  also 
Hampe.    Ueber  das  Bor.    Ann.  Chem.  (1876)  183,  p.  75. 
WoHLKR  and  St.  C.  Deville.    Ann.  de  chim.  (1858)  [3]  52,  p.  63. 
(BsCa)  MiJHLHAUSER.    Ztschr.  anorgan.  Chem.  5,  p.  92,  or  Chem.  Centrbl.  (1893)  64, 

pt  2,  p.  747,  or  Abs.  J.  Chem.  Soc  (1893)  64,  pt  2,  p.  57a 

CALCIUM   AND   CARBON. 

In  1862  Wohler  gave  a  method  of  producing  acetylene  gas  from  a  com- 
pound of  calcium  and  carbon.    This  compound  was  prepared  from  a  zinc- 
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calcium  alloy  by  heating  with  carbon.  Wohler  gave  some  of  the  proper- 
ties of  the  carbide  which  resulted.  In  1893  Travers  recorded  anothet 
method  of  preparing  calcium  carbide,  and  in  the  following  year  Moissan 
produced  it  in  his  electric  furnace,  both  from  CaCOg  and  from  CaO  heated 
with  sugar  carbon.  About  the  same  time  the  Willson  Aluminum  Com- 
pany, in  this  country,  while  experimenting  upon  the  reduction  of  the  alkali 
earths  by  means  of  carbon,  found  that  carbide  of  calcium  was  formed, 
although  when  first  produced  the  compound  was  not  recognized  by  them, 
but  was  considered  as  a  waste  product.  As  soon  as  its  properties  were 
learned,  Willson  took  out  patents  for  its  production  in  this  country.  Bullier 
holds  a  German  patent  for  the  production  of  Ca-,  Ba-,  and  Sr-carbides, 
although  the  method  patented  is  said  to  be  of  Moissan's  discovery.  The 
carbides  of  calcium  and  silicon  seem  thus  far  to  be  the  only  carbides  of 
commercial  value  in  themselves.  The  value  of  calcium  carbide  lies  in 
its  ready  decomposition  with  water,  yielding  nearly  pure  acetylene  gas, 
which  under  proper  conditions  is  unexcelled  as  an  illuminating  gas. 
When  made  upon  a  commercial  scale,  calcium  carbide  is  produced  from 
lime  and  coke.  The  cost  of  production  is  still  rather  high,  and  the  chances 
of  acetylene  gas  being  generally  introduced  for  lighting  purposes  in  the 
immediate  future  are  not  very  bright  In  time  the  necessary  improve- 
ments may  be  made  which  will  do  away  with  present  difficulties.  The 
cost  of  the  electric  power  is  the  chief  obstacle  now. 

CaC,  forms  in  opaque,  brownish-red  crystals,  sp.  gr.  2.22.  It  is  quite 
insoluble  in  most  of  the  ordinary  solvents  in  the  cold.  Dry  hydrogen 
is  without  action  in  the  cold  and  seems  to  be  without  effect  even  when  hot 
upon  the  pure  calcium  carbide.  The  commercial  article  may  contain 
tarry  products  which  a  stream  of  dry  hydrogen  will  drive  out.  Air  acts 
in  about  the  same  way  as  hydrogen.  At  a  very  high  temperature  a 
sample,  submitted  to  the  action  of  a  stream  of  oxygen,  glows  and  is  partly 
oxidized. 

HCl  (gas)  decomposes  it  when  hot.  CI  and  Br  at  even  moderate 
temperatures  cause  the  sample  to  glow  brightly,  to  swell  up,  and  then  fuse 
together.  Very  slight  action  in  the  cold  when  treated  with  H9SO4,  but 
by  heating  the  action  is  increased  and  a  gas  is  evolved  which  bums  with 
a  luminous  flame. 

With  a  mixture  of  H9SO4  and  K^CrgOz  calcium  carbide  reacts  violently, 
vigorous  oxidation  taking  place.  Little  or  no  C2H9  is  evolved  in  the 
above  reaction. 

With  strong  HNOs  there  is  an  evolution  of  brown  fumes  and  a  gas 
which  bums  with  a  smoky  flame.  Glacial  acetic  acid  slowly  decomposes 
it  By  fusion  with  NaOH  this  carbide  is  decomposed  and  a  gas  is  evolved 
which  b  probably  acetylene.  At  i8o°C  calcium  carbide  is  decomposed 
by  alcohol,  thus  :  — 

2C,H50H+CaCjF=C8HjrHC,HaO>|Ca. 
The  simple  reaction  with  water  is :  — 

CaCrf2H,0=Ca(0H),+C,H,. 
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Moist  air  slowly  effects  this  decompositioD.  Since  it  is  the  decompositioii 
product  of  this  carbide  which  makes  it  valuable  we  include  below  some 
references  to  acetylene,  its  properties,  production,  etc.  The  equations 
for  the  production  of  CaC)  are :  — 

CaO+3C=CaCrfCO,  or 

CaCOri-4C=CaCrf3CO. 

LITERATURE. 
WoHLBR.    Bildongdes  Acetylenes  durch  Kohlenstoffcaldum.    Ann.  Chem.  (1862)  124, 
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1002,  or  Chem.  Centrbl.  (1894)  65,  pt  i,  p.  719,  or  Chem.  CentrbL  (1895)  66»  pC  1. 
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545,466,  Apr.  1895;  552,027,  Dec.  1895;  552»028,  Dec  1895. 
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LuPKE.    Zeitschrift  fiir  Beleuchtungswesen,  I,  pp.  99  and  179. 
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Bredel.    Ztschr.  angew.  Chem.  (1896)  p.  16. 
Frohlich.    Ztschr.  Elektrochem.  II,  p.  165. 
Lewes.    Acetylene  and  the  part  it  plays  in  the  luminosity  of  flame.    Am.  Gas-Li|^t 

J.  (1895)  63,  P  42. 
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Pelissier.    L'^dairage  ^lectrique  (1896),  VIII,  p.  500,  and  IX,  p.  442. 

Grehaut.    Melanges  ezplosi£i  d'ac^tyl^ne  et  d'air.    C.  R.  (1896)  p.  832. 

Clarke.  Manufacture  of  calcium-carbide,  U.  S.  pat  552,890,  and  for  generating  acety- 
lene, U.  S.  pat  Jan.  14,  1896^  556^736,  Mar.  24,  1896. 

King  and  Wyatt.  Apparatus  for  generating  acetylene,  U.  S.  pat  562401,  June  23, 
1896. 

King  and  Wyatt.  Process  of  forming  calcium  carbide,  U.  S.  pat  562,402,  June  23, 
1896. 

King  and  Wyatt.  Electric  furnaces,  U.  S.  pats.  562,400 ;  562,403 ;  562,404,  June  23, 
1896. 

WiLLSON.  (Gas  patents,  etc.)  553,443.  Jan-  2i»  1896,  and  553.SSO»  !»»•  28,  1896; 
SSS.198,  Feb.  25, 1896. 

CERIUM  AND  CARBON. 

A  carbide  of  the  composition  CeCa  results  by  heating  cerium  formate  or 
oxalate  in  an  apparatus  from  which  the  air  is  excluded.  When  the  resi- 
due from  this  operation  is  extracted  with  HCl  a  compound  remains  of  the 
above  composition,  which  is  not  soluble  even  in  hot,  concentrated  acids. 
Many  chemists  doubt  the  existence  of  this  compound. 

The  carbide  which  Moissan  has  produced  in  the  electric  furnace  has 
the  formula  CesC.  It  is  prepared  from  CeOs  and  sugar  carbon.  It 
forms  transparent  crystals,  sp.  gr.  5.23.  When  acted  upon  by  water  it  is 
decomposed,  evolving  CsHs,  CH4,  QJ^^  and  the  residue  extracted  with 
ether  contains  a  small  amount  of  fluid  and  solid  hydrocarbons.  The 
reaction  must  obviously  be  very  complex. 

LITERATURE. 

Gm£LIN.    Carbide  of  cerium  (?).     Handbook  of  Chemistry,  Vol  III,  p.  264  (Watt's 

translation,  1849). 
Bbrzsuus.     Lehrbuch  der  Chemie  (1836),  III,  p.  495. 
Delafontaine.    Jsb.  Chem.  (1865)  p.  176. 
Pettxrsson.    Supplement  to  the  report  of  the  Royal  Academy  of  Sweden  (1895),  H* 

2  series,  number  x. 
Moissan.    Preparation  et  propri^t^s  du  carbure  de  cerium.    C.  R.  122,  p.  357,  or  Chem. 

Centrbl.  (1896)  67,  pt  i,  p.  686,  or  Abs.  J.  Chem.  Soc  (1896)  70,  pt  2,  p.  422. 

CHROMIUM  AND  CARBON. 

When  chromium  is  heated  in  an  electric  furnace  for  ten  to  fifteen  min- 
utes with  a  large  excess  of  carbon,  with  a  current  of  70  volts  and  350 
amperes,  there  is  produced  QxJZ^  \  brilliant  laminae,  greasy  lustre,  sp.  gr. 
5.62,  not  acted  upon  by  concentrated  or  dilute  HNOg  or  aqua  regia. 
Fused  KNOs  attacks  it  vigorously,  not  so  KOH.  It  is  not  decomposed 
by  HtO,  hot  or  cold.  It  is  harder  than  the  topaz.  Somewhat  soluble 
in  dilute  HCl. 

Cr4C  obtains  as  long,  shining  needle-like  crystals  which  are  found  upon 


l6  REVIEIV  AND  BIBUOGRAPHY 

the  surface  of  ingots  of  metallic  Cr  or  in  cavities  existing  in  such  ingots. 
It  is  harder  than  quartz ;  sp.  gr.  6.75  ;  melts  at  a  higher  temperature 
than  Pt  One  of  the  above  carbides  is  also  said  to  result  by  passing 
CSj  vapors  over  hot  Cr.  Certain  compounds  of  Fe,  Cr,  and  C  are  known, 
such  as  FeyCrjCs  and  CrsFeC,. 

LITERATURE. 

Dbville  and  Debray.    (Foot-note)  Ann.  de  chim.  [3]  56,  p.  408. 

MoissAN.    Nouvelles  recherches  sur  le  chrome.    C.  R.  (1894)  119,  p.  185,  or  Abs.  J. 

Chem.  Soc.  (1894)  66,  pt.  2,  p.  452. 
MoissAN.    Ball.  Soc.  Chim.  [3]  11,  p.  13,  and  p.  1014. 
MoissAN.    Ann.  de  chim.  (1896)  [7]  8,  p.  559. 
Behrens  and  Van  Lings.    (On  the  chromium  ferro-carbides)  Recoeil  trav.  chim. 

Pays-Bas,  13,  p.  155,  or  Abs.  J.  Soc  Chim.  (1894)  66,  pt.  2,  p.  451. 

COBALT  AND  CARBON. 

Over  thirty  years  ago  Thompson  described  a  compound  containing 
about  4^  C,  which  was  very  hard  and  brittle,  of  bismuth  color,  sp.  gr. 
8.43.  It  was  made  by  heating  Co^Og  and  argol  in  a  closed  carbon  cru- 
cible for  several  hours. 

LITERATURE. 
Thompson.    Ueber  die  Fabrication  von  Kobalt  und  Nickel.     Chem.  Centrbl.  (1863) 

p.  9561  or  Le  Technologiste  (1863)  P*  337* 
MoissAN.    (Foot-note)  Bull.  Soc.  Chim.  [3]  11,  p.  13. 

COLUMBIUM  AND  CARBON. 

A  double  compound  of  columbium  carbide  and  nitride  of  this  compo- 
sition, 3CbC2CbN,  has  been  mentioned  by  Joly. 

LITERATURE. 

Joly.    Sur  le  combinaisons  dn  niobium  et  du  tantale  avec  I'azote  et  le  carbone.    BuIL 
Soc  Chim.  (1876)  [2]  25,  p.  506,  or  C.  R.  82,  p.  506,  or  Jsb.  Chem.  (1876)  p.  279. 

COPPER  AND  CARBON. 

An  explosive  compound  to  which  various  formulas  have  been  given 
results  by  passing  acetylene  through  ammoniacal  copper  solutions.  Very 
little  carbon  is  taken  up  by  direct  heating  of  copper  and  carbon*  A  little 
copper  is  said  to  be  taken  up  in  combination  during  the  poling  process  of 
refining  copper.  Some  very  good  work  has  been  done  recently  upon  the 
acetylids  in  this  country  and  England,  but  with  not  altogether  accordant 
results.  The  formulas  usually  given  for  copper  acetylide  are  QCut  and 
CsCut-|-H20.     See  especially  Reiser^  Am,  Chem.  J.  14. 

LITERATURE. 

QUET.    (On  certain  explosive  compounds  of  Cu  and  C.)     C.  R  46,  p.  903,  and  Ann. 
Chem.  io8y  p.  116,  also 
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BoTTGER.    Ann.  Chem.  109,  p.  351. 

ToRREY.    Jsb.  Chem.  (1859)  p.  222.    See  also^  Ber.  d.  chem.  Ges.  21,  ref.  609. 

Vivian.    Ann.  Phil.  21,  p.  121. 

Crova.    C.  R.  55,  p.  435,  and  Ztschr.  Chem.  Pharm.  (1862)  p.  598,  and  J.  prakt. 

Chem.  88,  p.  124,  also  Jsb.  Chem.  (1862)  p.  442. 
See  Ann.  Chem.  118,  p.  330,  Chem.  News,  VII,  p.  2,  and  Chem.  Centrbl.  (1863) 

p.  80. 
NiCKLES.    C.  R.  55,  p.  505. 
Brown.    J.  prakt  Chem.  (1839)  17,  p.  492. 
KsiSER.    Am.  Chem.  J.  14,  p.  285,  and  Abs.  J.  Chem.  Soc.  62,  p.  1416. 

GLUCINUM  AND  CARBON. 

P.  Lebeau  describes  the  preparation  of  a  compound  to  which  he  gives 
the  formula  G^Ca.  Henry  advances  the  formula  GUC  for  Lebeau's  com- 
pound. It  is  prepared  by  heating  for  ten  minutes  a  mixture  of  glucinum 
oxide  and  carbon  (Zuckerkohle) ;  the  current  used  was  950  amp.,  40  volts. 
With  a  weaker  current  a  nitrogen-containing  compound  results.  GlfCs 
forms  fine  crystals,  sp.  gr.  =  1.9,  brownish-yellow  color,  and  resembling 
AI4C8  in  many  of  its  properties.  It  is  very  hard,  and  by  decomposition 
with  H2O  methane  is  produced. 

LITERATURE. 
P.  Lebeau.    Sur  un  carbare  de  glucinum.   C.  R.  (1895)  ^^if  P*  49^,  or  Chem.  Centrbl. 

(1895)  ^  P^-  2t  P*  959)  ^^  ^1»*  J'  Chem.  Soc.  (1896)  70,  pt  2,  p.  169,01  Bull.  Soc 

Chim.  (1895)  [3]  »3»  P-  »o6S- 
Henry.    A  propos  du  carbnre  de  glucinum.    C.  R.  (1895)  ^^^t  P*  6(^»  ^^1^  Bull.  Soc. 

Chim.  (1896)  [3]  15,  p.  165. 

IRIDIUM  AND  CARBON. 

IrCf  results  by  heating  thin  strips  of  iridium  in  the  alcohol  flame.  The 
product  forms  a  velvet-black  coating.  It  is  inflammable,  and  bums,  leav- 
ing a  residue  of  Ir.  The  oxide  of  Ir  heated  in  the  presence  of  some 
hydrocarbons  yields  IrCi,  with  a  display  of  incandescence.    (Berzelius.) 

LITERATURE. 

Bekzkuus.    Etnige  nachtragUche  Beobachtungen  iiber  das  Ir  und  das  Os.   (Pogg.)  Ann. 

der  Fhys.  15,  p.  ao8. 
GUELIN.    (Watf 8  tianal.)  Handbook  of  Chemistry  (1849),  VI,  p.  375. 
Berzelius.    Lehrbuch  der  Chemie  (1836),  III,  p.  223.    See  also, 
MoissAN.    Sur  la  solubility  du  carbone  dans  le  rhodium,  riridium,  et  le  palladium.  C.  R. 

123,  p.  16,  or  Bull.  Soc  Chim.  (1896)  [3]  16,  p.  1292. 
MoissAN.    Research  on  the  metallic  carbides.    Chem.  News  (1896),  74,  p.  15. 

IRON  AND  CARBON. 

The  subject  of  carbon  in  iron  and  steel  has  been  extensively  discussed, 
but  not  always  from  a  chemical  standpoint.  The  mechanical  effect  of 
carbon  in  iron  and  steel  is  studied  often  without  taking  into  consideration 
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the  condition  in  which  that  carbon  exists ;  but  the  carbides  of  iron,  as 
such,  —  as  definite  chemical  compounds,  have  not  been  so  widely  written 
upon.  The  point  of  view  from  which  the  subject  is  often  studied  seems 
so  different  from  the  view  in  which  the  other  carbides  are  here  considered, 
that  we  do  not  feel  justified  in  going  into  the  literature  exhaustively  from 
all  standpoints,  yet  the  references  given  below  cover  a  broad  consideration 
of  the  subject. 

A  great  many  compounds  of  Fe  and  C  have  been  mentioned  by  differ- 
ent chemists,  but  the  existence  of  some  of  them  is  doubtful.  Some  of 
these  are  FejiC,  FegC,  Fe4C,  FejC,  FejC»,  and  FcjC,  beside  some  com- 
pounds of  three  or  more  elements,  such  as  Fe7(CrMo)8C4,  Fe7(CrW)9C4 
and  CrjFcyCs,  and  CrgFeC,. 

FeiC  is  a  dark-gray,  fusible  crystalline  substance,  formed  directly  from 
Fe  and  C  at  a  high  temperature.  The  formula  Fe24C  has  been  given  to 
high  carbon  steel. 

FcsC  occurs  in  all  kinds  of  malleable  iron,  and  remains  behind  after 
treating  the  iron  with  a  io%  H^SOf  solution,  the  operation  being  con- 
ducted with  the  air  excluded.  That  the  subject  of  carbon  in  iron  has 
been  long  studied  will  be  seen  from  the  following  references.  Many  of 
these  are  of  little  value  to  those  studying  the  chemistry  of  steel,  etc,  and 
having  the  advantages  of  access  to  the  modem  reports  upon  the  subject 
We  arbitrarily  divide  the  literature  into  the  old  and  the  recent. 

LITERATURE   (OLD). 

GuYTON.    Versuche  mittelst  des  Diamamten  das  geschmeidige  Eisen  in  Gna^staU  zu 

verwandeln.     (Gilb.)  Ann.  der  Phys.  (1800)  3,  p.  65. 
Faraday  and  Stodart.    Versuche  iiber  die  Legbiingen  des  Stahls.   (Gilb.)  Ann.  der 

Phys.  (1820)  66k  p*  183. 
Bertuikr.    Ann.  Mines  (1833),  III,  p.  229. 

Berzelius.    Lehrbach  der  Chemie  (1836),  III,  p.  450,  and  (1844),  11,  p.  732. 
Brown.    J.  prakt.  Chem.  (1839)  17,  p.  492. 

Karsten.  [Fe4C]  Ueber  die  Carburets  des  Eisens.  J.  prakt.  Chem.  (1847)  40>P-  229. 
Raumelsberg.    [FeC2]  Ueber  das  Verhalten  der  Cyanmetalle  in  der  Hitze.     Chem. 

CenUrbl.  (1847)  P*  59* 
IiiARGUERiTE.    Carburation  du  fer  par  contact  ou  cementation.    C.  R.  59^  p.  139. 
GUELIN.    (Watt's  trans.,  1849)  Handbook  of  Chemistry,  V,  p.  202. 
Valerius.    [FeCa  and  FegCs]  Fabrication  de  la  fonte  et  du  fer  (1851),  I,  p.  41. 
GuRLT.    [FegC]  Polyt  CentrbL  (1856)  p.  366,  or  Chem.  Centrbl.  (1856)  p.  273,  or 

Jsb.  Chem.  (1856)  p.  781,  Chem.  Gas.  (1856)  p.  230. 
TUNNER.    Polyt.  CentrbL  (1861)  p.  1227. 
Arnold.    [FeuC]  Bull.  Soc.  d'Enc.  Ind.  Nat  (5)  i,  p.  97. 

LITERATURE  (RECENT). 

Troost  and  Hautefeuille.    Etude  calorifique  sur  les  carbures  de  fer  et  de  msngB> 

nise.    Ann.  de  Chim.  (5)  9,  p.  56,  or  C.  R.  (1875)  ^  P-  9^ 
Drown.    Condition  of  carbon  in  white  and  gray  iron.    Trans.  Am.  lost.  M.  Eng.  Ill, 

p.  41. 
Pearce.    Iron  and  carbon,  mechanically  and  chemically  considered.    Trus.  Am.  Inst 

M.  Eng.  IV,  p.  157. 
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Abbl.    Proc.  InBt  Mech.  Eng.  (1883)  p.  56,  also  (1885)  p.  30,  also  Reports  of  Iron 

and  Steel  Inst  (1881,  1883). 
Barus  and  Strouhal.    The  electrical  and  magnetic  properties  of  iron  carburets.    Bull. 

14,  U.  S.  Geol.  Sur.  (1885)  and  School  Mines  Q.  VII,  p.  24. 
Barus  and  Strouhal.    Physical  properties  of  iron  carburets.    BulL  35,  U.  S.  Geol. 

Sor.  (1886). 
Osmond  and  Werth.    Ann.  Mines  (1885),  and  Eisen  und  Stahl  (1886),  p.  376. 
Abel.    Eisen  and  Stahl  (1886)  p.  373. 
MiJHLER.    Grundzuge  einer  Theorie  des  Stahls.    Eisen  und  Stahl  (1890),  VIII,  p. 

291. 
Wedding.    Eisen  und  Stahl  (1891),  IX. 
Ledebur.    Ueber  das  Benennung  des  verschiedenen  Kohlenstoffformen  in  Eisen. 

Eisen  und  Stahl  (i888),  VIII  (Nov.). 
Dudley  and  Pease.    Carbon  combined  in  cast-iron.    Trans.  Am.  Inst.  M.  Eng.  XIV, 

P-  797. 
Ledebur.    J.  Iron  and  Steel  Inst.  (1893)  <^o-  ^  P*  53* 

Osmond.    Microscopic  metallography.    Trans.  Am.  Inst.  M.  Eng.  (1893)  22,  p.  252. 
Charft.    Sur  le  r61e  des  transformations  du  fer  et  du  carbone  dans  le  ph^nomine  de 

la  trempe.    C.  R.  118,  p.  1258,  or  Abs.  J.  Chem.  Soc.  (1894)  66^  pt.  2,  p.  42a    See 

alscf^.  451. 
Moissan.    D^placement  du  carbone  par  le  bore  et  le  silidum  dans  la  fonte  en  fusion. 

C.  R.(i894)  119,  p.  1 172. 
Moissan.    Etudes  des  graphites  du  fer.     Q.  R.  (1894)  119,  p.  1245,  or  Abs.  J.  Chem. 

Soc  (1895)  ^>  P^*  2>  P-  ^2^'  ^^  ^^*  ^^*  Chim.  (1895)  [3]  13,  p.  811. 
Arnold  and  Read.    The  chemical  relations  of  carbon  and  iron.    J.  Chem.  Soc  65, 

p.  788,  or  Bull.  Soc  Chim.  (1895)  [Sl  '4»  P*  5« 
JUFTNER.    Arten  des  gebundenen  Kohlenstoffs.    Oesterr.  J.  Berg-  n.  HUttenwesen,  44, 

p.  211,  or  Chem.  CentrbL  (1896)  67,  pt.  i,  p.  1094. 
Campbell.    A  pure  carbide  of  iron.    Am.  Chem.  J.  (1806)  18,  p.  836. 

See  also  the  following :  — 

Mendeleef.    Prmciples  of  Chemistry,  I,  p.  365. 

NsRNST.    (Palmer*s  Trans.)  Theoretical  Chemistry,  p.  146. 

Dammer.    Anorganische  Chemie,  III,  p.  354. 

Prost.    Bull,  de  I'Acad^mie  Royale  des  Sciences  de  Belgique,  XVI,  p.  216. 

MoRVEAU  and  Clouet.    (Scherer's)  Allg.  J.  Chem.  4,  p.  170. 

Hadfirld.    Iron  alloys  with  special  reference  to  manganese  steel.    Trans.  Am.  Inst.  M. 

Eng-  (1893)  23»  P-  'S6. 
De  Benneville.    Two  definite  carbides  of  iron  with  Cr  (Mo  and  W),  [Fe7(CrMo)8C4 

and  Fe7(CrW)«C4].    J.  Am.  Chem.  Soc.  17,  p.  791,  or  Chem.  Centrbl.  (1895)  66^ 

pt.  2,  p.  1068,  or  Abs.  J.  Chem.  Soc.  (1896)  70,  pt.  2,  p.  175. 
De  Benneville.    A  study  of  some  alloys  with  iron  carbides,  mainly  tungsten  and 

manganese.    Jour,  of  the  Iron  and  Steel  Inst  (1896)  no.  i. 

LANTHANUM   AND   CARBON. 

QLa  ha3  been  made  from  lanthanum  oxide  and  sugar-carbon.  These 
heated  for  ten  minutes  in  the  electric  furnace  under  the  action  of  a  cur- 
rent of  350  amp.  and  50  volts  combine  to  form  yellow  crystals,  sp.  gr. 
5.0a.  This  carbide  is  decomposed  by  water,  yielding  QHs,  CH4,  CsH4, 
and  leaving  a  residue  of  fixed  hydrocarbons.  The  carbide  appears  golden 
yellow  on  a  fresh  fracture.  It  is  attacked  by  the  atmospheric  moisture 
Pettersson  gives  Hs  and  C%R^  as  the  decomposition  products. 
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LITERATURE. 

O.  Pettersson.  Kohlenstoffverbindungen  von  den  Metallen  der  seltenen  Erden.  Ber.  d. 

Chem.  Ges.  (1895)  ^>  P-  M^9t  or  Chem.  Centrbl.  66,  pt  2,  p.  960,  or  Abs.  J.  Chesu 

Soc  (1896)  70,  pt.  2,  p.  25. 
MoissAN.    Etude  du  carbure  de  lanthane.     C.  R.  123,  p.  148,  or  Zeitschr.  Elektrodiem. 

(1896)  III,  p.  108,  or  Chem.  Centrbl.  (1896),  pt  i,  p.  731,  or  Bull.  So&  Chim. 

(»896)[3]  16.  p.  1293. 

LEAD  AND  CARBON. 

Certain  old  chemistries  mention  the  existence  of  a  compound  of  lead 
and  carbon.  No  carbide  of  lead  has  been  made  as  yet  in  the  electric 
furnace,  and  the  same  is  true  of  tin,  bismuth,  and  gold 

LITERATURE. 

Gmklin.    Handbook  of  Chemistry  (Watt's  translation),  V,  p.  123. 
John.    Berlinisches  Jahresbericht  der  Pharmacie  (1820)  p.  320. 
Bkrzelius.    Lehrbuch  der  Chemie  (1836),  III,  p.  361. 
BaowN.    J.  prakt.  Chem.  (1839)  17,  p.  492. 

LITHIUM  AND  CARBON. 

This  carbide  has  been  but  recently  made.  Its  formula  is  LisQ.  liCOs 
•-I-4C,  heated  for  ten  minutes,  using  a  current  of  350  amp.  and  50  volts, 
will  yield  it,  or  with  950  amp.  it  may  be  made  in  four  minutes.  A  higher 
temperature  than  this  current  produces  in  the  furnace  either  volatilizes  or 
decomposes  this  carbide.  Li^C^  forms  shining  crystals,  sp.  gr.  =  1.65  at 
i8^C.  Decomposed  by  moist  air  and  water,  QHs  being  formed.  It  is 
easily  broken  up  and  is  not  so  hard  as  glass.  Bums  in  the  cold  in  CI  or 
Fl,  and  by  gentle  heating  in  Br  or  I.  Concentrated  acids  have  little 
effect  upon  it.    In  hot  water  the  decomposition  is  quite  violent 

LITERATURE. 

MoissAN.    Sur  le  carbure  de  lithium.    C.  R.  122,  p.  362,  or  Chem.  CentrbL  (1896)  67. 

pt.  I,  p.  685,  or  Abs.  J.  Chem.  Soc.  (1896)  70,  pt  2,  p.  419. 
MoissAN.    Errata  se  rapportaat  k  cette  communication.    C.  R.  (1896)  p.  496. 

MAGNESIUM  AND  CARBON. 

In  Dammer's  Anorg.  Chem.  it  is  stated  that  magnesium  heated  in 
benzol  vapors  yields  a  dark  mass  of  this  composition,  MgC^.  No  such 
compound  has  been  made  in  the  electric  furnace.  The  reference  given 
does  not  mention  a  definite  compound  of  Mg  and  C. 

LITERATURE. 

Parkinson.    Behavior  of  magnesium  with  non-metallic  elements.    J.  Chem.  Soc- 

(London)  (1867)  vol.  20,  p.  125. 
Gmeun-Kkaut.    (?) 
Dammer,    Handbttch  der  anorganischen  Chemie,  Vol.  II,  2  (1893). 
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MANGANESE  AND  CARBON. 

Troost  and  Hautefeuille  are  the  discoverers  of  the  carbide  whose  for- 
mula is  MdsC.  This  carbide  was  also  produced  by  Moissan ;  he  stated 
that  with  a  current  of  900  amp.  and  50  volts  the  reduction  is  practically 
instantaneous,  while  with  the  same  voltage  and  350  amp.  only  five  to  six 
minutes'  heating  is  necessary.  MngC  has  a  sp.  gr.  of  6.89.  Fl  attacks 
it  cold  and  CI  by  gentle  heating.  It  burns  in  oxygen  at  a  low  tempera- 
ture. When  decomposed  by  water  there  result  equal  parts  of  CH4  and 
H,.    The  equation  is  :  — 

Mn8C+6H>0=3Mn(OHV|-CH4+H,. 
No  fluid  or  liquid  hydrocarbons  are  produced.    In  some  early  references 
mention  is  made  of  .MnC  and  Mn^C 

LITERATURE. 

Brown.    [MnC]  Ueber  Kohlenmetalle.    J.  prakt.  Chem.  (1859)  17,  p.  492. 

GUELIN.    [MnaC  and  MnC]  Handbook  of  Chemistiy  (Watt's  trans.,  1849),  ^^*  P* 

Guzun-Kraut.    [MnCa]  (1882)  II,  2. 

Mendelbef.    Principles  of  Chembtry,  I,  p.  65  (note  19) ;  II,  p.  11 2-5. 

TaoosT  and  Hautefeuille.    [MnsC]  Etude  calorifique  sur  les  carbares  de  fer  et  de 

manganese.    Ann.  de  chim.  (1876)  [5]  9,  p.  60,  or  Jsb.  Chem.  (1876)  p.  87,  and 

C.  R.  (1875)  80,  p.  964,  and  Sur  les  fontes  mangan^sifires,  C.  R.  (1875)  80^  p. 

909. 
Arnold  and  Read.    Trans.  J.  Chem.  Soc.  (London)  (1894)  65,  p.  788. 
Dk  Bennevillz.    a  study  of  some  alloys  with  iron  carbides.    J.  Iron  and  Steel  Inst. 

(London)  (1896)  no.  i. 
Moissan.    Sur  la  preparation  rapide  du  chrome  et  du  manganese  k  haute  temperature. 

Bull.  Soc.  Chim.  (1894)  [3]  11,  p.  13. 
Moissan.    Sur  le  carbure  de  manganese  [MngC].    C.  R.  (1896)  122,  p.  421,  or  Bull. 

Soc  Chim.  (1896)  [3]  16,  p.  1266;  Abs.  J.  Chem.  Soc  (1896)  70,  pt.  2,  p.  423, 

and  Chem.  Centrbl.  (1896)  67,  pt  i,  p.  741. 

MERCURY  AND  CARBON. 

A  mercury  acetylid  is  formed  in  several  ways.  It  results  as  a  heavy 
white  powder  by  passing  C2H2  through  freshly  precipitated  mercuric 
oxide  suspended  in  water.  Several  days  are  required  to  prepare  it.  Sp. 
gr.  =  5.3.  Insoluble  in  HsO,  alcohol,  and  ether.  Slowly  decomposed 
by  gradual  heating  above  110°  into  Hg  and  C.  The  compound  explodes 
by  rapid  heating  or  by  a  blow.  Its  formula  seems  to  be  sHgCrf-HsO. 
Keiser  gives  HgCV 

LITERATURE. 

PUMFTON  and  Travers.    Metallic  derivatives  of  acetylene.    J.  Chem.  Soc.  (London) 

65,  p.  264.    See  also 
Bk&thslot.    Ann.  de  chim.  [4]  9,  p.  386. 
Basset.    Chem.  News,  19,  p.  28. 
KxxsER.    Am.  Chem.  J.  15,  p.  535.     See  also 
KuTSCHEaow.    Ber.  d.  Chem.  Ges.  17,  p.  13. 
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MOLYBDENUM   AND  CARBON. 

Mo|C  is  best  prepared  by  heating  together  5  pts.  MoOs  and  i  pt  C  for 
eight  to  ten  minutes  in  a  carbon  crucible.  800  amp.  and  50  volts  is 
sufficient  current.  The  carbide  shows  a  brilliant,  crystalline  fracture, 
exhibits  easy  cleavage ;  sp.  gr.  8.9.  If  this  carbide  is  heated  with  an 
excess  of  molybdenum  dioxide,  molybdenum  is  produced,  and  inversely, 
fused  molybdenum  readily  takes  up  considerable  carbon. 

LITERATURE. 

MoissAN.    Preparation  aa  foar  ^lectrique  de  qnelqaes  m^tauz  i^fractaires ;  tongrt^ne, 

molybd^ne,  vanadium.     C.  R.  116,  p.  1225,  or  Abs.  J.  Chem.  Soc.  (1893)  64,  pt  2, 

p.  471,  or  Bull.  Soc  Chim.  [3]  11,  p.  857. 
MoissAN.      Preparation  et  propriet^s  da  molybdine  por.fonda.     C.  R.  (1895)  120, 

p.  1320^  or  Abs.  J.  Chem.  Soc.  (1895)  68,  pt  2,  p.  497,  or  Bull.  Soc  Chim.  (1895) 

[3]  13.  P-  967- 

NICKEL  AND  CARBON. 

Nickel  and  carbon  act  in  many  ways  like  iron  and  carbon.  By  heating 
4Ni(CN)g-|-3H20  under  proper  conditions  carbon-containing  nickel  re- 
sults. (See  Dammer.)  When  carbon  monoxide  is  passed  over  finely 
divided  nickel  at  a  temperature  between  300°  and  aso^'C,  there  results 
a  black  powder  consisting  of  Ni  and  C,  var3ringwith  the  temperature  at 
which  the  operation  was  conducted.  Ni  is  said  to  act  in  the  same  way 
with  certain  hydrocarbon  gases. 

LITERATURE. 

DoBpRKiNER.    N.  J.  der  Fharm.    [Trommsdorff,  1820  (?)]  4,  pp.  i  and  293. 

Ross  and  Irving.    Ann.  Phil.  (1862)  p.  149. 

MoND,  Langer  and  Quincke.    [Action  of  CO  on  Ni]  Tram.  J.  Chem.  Soc  (1890) 

vol.  57,  p.  749,  Chem.  News  (62)  p.  97. 
See  also  Gautier  and  Hallopeau.    C.  R.  (1889)  108,  p.  mi. 
MoND  and  Langer.    D.  R.  P.  51,572,  14/6^   1889;  PatentUatt  (11),  p.  356;  Chem. 

Centrbl.  (1890)  II,  p.  32. 
MoissAN  (foot-note).    Ball.  Soc.  Chim.  (1894)  [3]  11,  p.  13. 

PALLADIUM   AND   CARBON. 

According  to  Moissan  palladium  forms  no  carbide  in  the  electric  fur- 
nace.   Other  chemists  mention  a  carbide  of  palladium. 

LITERATURE. 

Wohler.    Ueber  die  Wirknng  dts  Falladinm  auf  die  Wemgeiat  Flamme.  (Pogg.)  Ann. 

der.  Phys.  3,  p.  71.    See  also 
IL  B.  Miller.    Ann.  Phil.  28,  p.  20,  and 
Berzelius.    Lehrbnch  der  Chemie  (1836),  III,  p.  249,  and 
MoissAN.    Sur  la  solubility  du  carbone  dans  le  rhodium,  riridiom  et  le  polladiam.  C.  R. 

123,  p.  16,  or  Bull.  Soa  Chim.  (1896)  [3]  16,  p.  1292. 
Moissan.    Research  on  the  metallic  carbides.    Chem.  News,  74,  p.  15. 
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PLATINUM   AND  CARBON. 

No  platinum  carbide  has  been  produced  by  Moissan  in  his  electric  fur- 
nace. Ft  at  that  temperature  takes  up  some  carbon,  but  upon  cooling 
gives  it  up  as  graphite  and  without  forming  a  definite  compound.  PtCa 
is  mentioned  in  a  number  of  chemical  publications,  as  is  also  PtSjC 
This  platinum  sulphocarbide  is  produced  by  leading  a  stream  of  H  or  N 
saturated  with  CS2  vapors  over  spongy  platinum  at  a  temperature  some- 
what below  dark  red  heat.  The  product  is  black  and  finely  divided, 
neither  HCl  or  HNOs  attacks  it  and  aqua  regia  is  almost  without  effect. 
Heated  in  a  stream  of  oxygen,  SO^,  CO2,  and  Pt  result. 

LITERATURE. 

Zeise.  [PtCs]  Ueber  Acechlorplatin,  nebst  Bemerkungen  uber  einige  andere  Products 
der  Einwirkong  zwischen  Platinchlorid  and  Aceton.  J.  prakt.  Chem.  (1840)  20, 
p.  209. 

Gmelin.    (Watf  8  trans.,  1849)  Handbook  of  Chemistry,  VI,  p.  146. 

Fischer.    Kastner's  Archiv,  14,  p.  148. 

Schutzenberger.  [PtSsC]  Sur  un  sulpho-carbure  de  platine.  C.  R.  (1890)  iii, 
P-  39X- 

POTASSIUM   AND   CARBON. 

KsQ  is  formed  by  the  direct  action  of  carbon  and  potassium  at  a  red 
heat.  It  is  decomposed  by  water,  yielding  acetylene.  Davy  prepared  it 
nearly  ninety  years  ago  by  means  of  electric  heat,  and  described  his  pro- 
duct before  a  London  Society  in  1808.  He  made  it  from  graphite  and 
potassium  by  heating  them  together  in  a  glass  tube  in  an  atmosphere  of 
hydrogen.  The  product  is  described  as  being  somewhat  like  graphite  in 
appearance,  infusible  at  red  heat,  taking  fire  in  the  air,  potassium  oxide 
being  formed  and  leaving  a  black  residue.  Strongly  effervescent  with 
water,  giving  off  a  gas  which  Davy  thought  was  hydrogen.  This  is  the 
first  carbide  of  which  we  find  record.  Davy  repeated  his  experiments, 
using  potassium  and  willow  charcoal. 

LITERATURE. 
Gilb.  Ann.  (1810)  35,  p.  433. 
Davy.    Ueber  Kohlensto£Fkalium  and  einen  neuen  Doppelt-Kohlenwasserstoff.    Ann. 

der  Fharm.  (1837)  23,  p.  144. 
Berzslius.    Lehrbuch  der  Chemie  (1836),  II,  p.  315,  and  (1844),  II,  p.  84. 
Gmelin.    (Watt's  trans.,  1849)  Handbook  of  Chemistry,  III,  p.  17. 
Berthelot.    Sur  une  noavelle  classe  de  radicaux  m^talliques  composes.    Bull.  Soc. 

Chim.  (1866)  V,  p.  182,  and  Ann.  Chem.  139,  p.  150,  and  Jsb.  Chem.  (1866)  p.  514. 

RHODIUM  AND   CARBON. 

Moissan  states  that  the  metals  of  this  group,  Rd,  Ir,  Pd,  and  Pt,  form 
no  carbides  in  the  electric  furnace ;  for,  while  these  metals  dissolve  car- 
bon readily  under  such  conditions,  they  give  it  up  in  the  form  of  graphite 
upon  solidifying,  no  carbide  resulting. 
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LITERATURE. 

MoissAN.  Sur  le  solubility  da  carbone  dans  le  rhodium,  riridium,  et  le  palladjvm. 
C.  R.  123,  p.  16,  or  Bull.  Soc  Chim.  (1896)  [3]  16,  p.  1292 ;  Abft.  J.  Cbem.  Soc 
(1896)  70,  pt.  2,  p.  609.    See  also  Abs.  J.  Chem.  Soc  (1893)  p.  320. 

MoissAN.    Research  on  the  metallic  carbides.    Chem.  News  (1896)  74,  p.  15. 

SILICON  AND   CARBON. 

The  compound  of  carbon  and  silicon  known  as  carborundum  (CSi)  is 
of  great  commercial  value,  being  a  good  abrasive.  Its  hardness  is  between 
that  of  corundum  and  the  diamond.  A  compound  is  mentioned  by  Colson 
which  has  the  formula  CgSi,  and  a  doubtful  compound  QSigAl  is  also 
mentioned  in  chemical  literature. 

On  a  large  scale  carborundum  is  made  from  coke  and  sand,  these  being 
mixed  with  salt  and  sawdust  before  submitting  to  the  electric  heat.  The 
charge  is  put  in  a  long  box-shaped  furnace  surrounding  a  coarse  carbon 
core  which  extends  between  the  electrodes.  These  are  from  six  to  eight 
feet  apart,  from  one  to  nine  carbons  being  in  each  end  of  the  furnace. 
The  current  passes  from  eight  to  ten  hours.  CSi  forms  long  needle- 
shaped  crystals  usually  of  a  greenish-yellow  color,  sometimes  blue.  It  is 
unacted  upon  by  mineral  acids,  decomposed  by  fusion  with  alkalies,  and 
oxidizable  by  PbCrOi.  The  crystals  are  infusible  except  in  the  electric 
arc.  An  amorphous  product  of  about  the  same  composition  is  formed  at 
some  distance  from  the  carbon  core  and  beyond  the  zone  in  which  the 
crystalline  product  is  found. 

The  patents  for  making  carborundum  are  owned  by  Mr.  Acheson  in 
this  country  and  in  a  number  of  European  countries.  It  is  found  to  be 
very  useful  as  an  abrasive,  and  its  introduction  into  the  mechanical  arts 
has  been  rapid. 

The  di-carbide  of  silicon,  of  Colson,  is  made  by  passing  a  stream  of 
CsHf  or  Hs  saturated  with  benzine  vapors  over  silicon  for  several  hours. 
The  silicon  is  contained  in  a  porcelain  tube  and  heated  to  a  bright  heat 
during  the  conduction  of  the  gas.  SiCs  is  decomposed  by  KOH  or  by  a 
mixture  of  PbCrO*  and  PbO,  but  is  not  acted  upon  even  at  red  heat  by 
acids,  oxygen,  or  chlorine. 

Tetra-silico-carbo-sulphide,  Si4C4S,  is  formed  by  conducting  CSs  vapors 
over  white-hot  silicon  contained  in  a  porcelain  vessel.  Other  products 
are  produced  at  the  same  time,  and  hence  the  contents  of  the  dish  are 
treated  with  hot  KOH  solution,  and  with  HF.  After  this  treatment  the 
above  compound  remains  as  a  greenish  powder,  decomposable  by  boiling 
HF,  HjS  being  evolved.     It  oxidizes  to  SiaQO. 

Silicon  nitro-carbide  (QSiaN)  results  when  Si  is  heated  in  the  presence 
of  C  and  N,  or  in  cyanogen,  or  in  the  presence  of  certain  carbonaceous 
substances  in  an  atmosphere  of  nitrogen. 
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VoLKiCANN.    Das  Carborundum.     Oesterr.  Ztschr.  f.  Berg-  n.  Hiittenwesen  (1894),  42, 

p.  7  and  p.  115. 
Becke.    Beitrag  zur  Kenntniss  der  Carborundumkrystalle.    Ztschr.  Krystall.  24,  p.  537, 

or  Chem.  Centrbl.  (1895)  66,  pt  2,  p.  959. 
LURMAN.  Silidumkohlenstoff  u.  Ferrosilidum.  Ztschr.  Elektrochem.  (1896)  III,  p.  r  13. 
MoissAN.   Ann.  de  Chim.  [7]  9,  p.  289,  or  Chem.  Centrbl.  (1896)  pt  2,  p.  1080. 

Se^  alto  these :  — 

KuNZ.    (Note  on  hardness)  Am.  J.  Sci.  46,  p.  471. 

RoTHWELL.    (Statistics  of  production)  Mineral  Industry  (N.  Y.  1893). 

Haller.    L'Industrie  chimique  (Paris,  1895),  P*  33'* 

Ztschr.  Angew.  Chem.  (1894)  p.  118. 

Acheson.    Electric  furnace,  U.  S.  pat.  560,291,  May  19,  1896. 

Dammer.    (CtSIsAI?)  Handbuch  der  anorganischen  Chemie,  II,  i,  p.  546. 

CoLSON.    (C^Si)  Bull  Soc.  Chim.  (1882)  [2]  38,  p.  56^  or  Jsb.  Chem.  (foot-note) 

(1882)  p.  257. 
CoLSON  and  SchOtzenberger.     (CaSisN)  Sur  le  Silicium.    C.  R.  (1881)  92,  p.  1508, 

or  Jsb.  Chem.  (1881)  p.  202. 
COL90N.    (Si4SC4)  Sur  de  nouveanz  compost  carbosilides.    C.  R  (1882)  94,  p.  1316. 
CoLSON.    Action  du  snlfure  de  carbone  sur  le  silidom.    C.  R.  (1882)  94,  p.  1526,  or 

Bull.  Soc  Chim.  (1882)  [2]  38,  p.  56. 

SILVER  AND  CARBON. 

Gay-Lussac  states  that  when  silver  is  melted  with  lamp-black  in  a  cruci- 
ble, about  three  per  cent,  of  carbon  is  taken  up  and  AgiC  is  formed.  Ag2C 
results  by  heating  the  silver  salt  of  cuminic  acid  [C6H4(C,H7)(COOAg)], 
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in  an  open  dish.  It  is  a  yellowish  substance,  not  decomposed  by  heat 
It  contains  5.52  %C,  which  remains  when  this  carbide  is  treated  with 
HNOs  (Gerhardt  and  Cahours). 

AgsCa  is  said  to  result  by  long  heating  of  the  silver  salt  of  pyroracemic 
acid  (CHsCOCOOAg).  It  is  a  gray  powder  of  metallic  appearance,  con- 
taining about  10.5 1  %C.  The  same  compound  results  from  the  silver  salt 
of  maleic  acid  [CaHs(C00Ag)9].  This  carbide  b  produced  by  passing 
acetylene  gas  through  ammoniacal  silver  solutions.  It  is  very  unstable 
and  difficult  to  work  with.     See  Keiser's  and  Plimpton's  work. 

LITERATURE. 

Brown.    J.  prakt  Chem.  (1839)  17,  p.  492. 

LiEBiG  and  Redtenbachen.    [AgtC]  Ueber  das  Atomgewicht  des  KohlenstofiEs.  Ami. 

Chem.  38,  p.  129. 
Behal.    Bull.  Soc.  Chim.  49^  p.  335,  and  Ber.  d.  Chem.  Ges.  21,  re£.  609. 
Berzelius.    (Foot-note)  Pogg.  Ann.  der  Phys.  36,  p.  28. 
Gerhardt  and  Cahours.    (?) 
Gay-Lussac    (?) 
Bersnd.    [CaAga]  Ueber  einiger  neue  Derivate  des  Acetylens.     Ann.  Chem.  135,  p. 

257. 
Regnault.    (Maleic  acid)  Untersuchmig  einiger  ihrer  Salze.    Ann.  der.  Pharm.  19^  p. 

153- 
Plimpton.    On  silver  acetjlide.    Proc  J.  Chem.  Soc.  (1892)  p.  109. 
Keiser.    Am.  Chem.  J.  14,  p.  285,  or  Abs.  J.  Chem.  Soc  62,  p.  1416 ;  see  also  Am. 

Chem.  118,  p.  330. 

SODIUM   AND  CARBON. 

C!sHNa  and  (DsNaj  result  by  passing  acetylene  gas  over  sodium  at  a 
dark  red  heat     CsNag  is  decomposed  by  water  yielding  acetylene. 

LITERATURE. 

Beri'HELOT.  Sur  une  nouvelle  dasse  de  radicauz  m^talliques  compost.  Ball  Soc 
Chim.  (1866)  V,  p.  182,  and  Ann.  Chem.  139,  p.  150,  and  Jsb.  Chem.  (1866)  p.  514. 

FoRGRAND.  Chaleur  de  formation  de  Tac^tylure  de  sodium.  C.  R.  120^  p.  121 5,  and 
Bull.  Soc.  Chim.  (1895),  [3],  13,  p.  996. 

STRONTIUM   AND  CARBON. 

SrC!s  forms  under  about  the  same  conditions  obtaining  in  the  produc- 
tion of  Ca  or  Ba  carbides.  It  forms  a  dark  mass,  with  yellowish  fracture  : 
sp.  gr.  =  3.i9;  with  dilute  acids  and  water  it  decomposes,  giving  off 
chiefly  acetylene.  Reacts  with  halogens,  oxygen,  and  sulphur  at  high 
temperatures,  but  not  with  nitrogen,  silicon,  or  boron.  Both  SiO  and 
SrCOs  have  been  used  in  making  SrC!,,  and  a  current  of  350  amp.  and 
70  volts  employed. 

LITERATURE. 

MoissAN.    Etude  des  ac^tylures  cristallis^s  de  baryum  et  de  strontium.    C.  R.  118,  p. 
683,  or  Bull.  Soc  Chim.  [3]  11,  p.  1007,  or  Chem.  Centrbl.  (1894)  65,  pt  i,  p.  856. 
BuLLiER.    D.  R.  P.  77,168. 
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THORIUM   AND  CARBON. 

ThCs  is  made  from  thorium  oxide,  the  reduction  being  more  easily 
effected  than  is  the  case  in  preparing  zirconium  carbide  from  zircon. 
ThQ  is  decomposed  by  water,  Hs  and  hydrocarbons  being  formed. 
Moist  air,  also,  slowly  decomposes  thorium  carbide,  sp.  gr.  ^  10.15. 
Bums  at  a  red  heat.  Concentrated  acids  are  almost  without  action  upon 
it.  The  gases  are  evolved  in  about  the  following  percentages :  QHs 
(48.44),  CH4  (27.69),  QH4  (s.64),  and  H,  (18.23). 

LITERATURE. 
TsoosT.    Sur  la  preparation  da  zirconium  et  du  thorium.    C.  R.  116,  p.  1227,  or  Abe. 

J.  Chem.  Soc  (1893)  64,  pt.  2,  p.  473- 
MoissAN  et  Etard.    Sur  les  carbures  d'yttrium  et  de  thorium.    C.  R.  122,  p.  573,  or 

Abs.  J.  Chem.  Soc.  (1896)  70,  pt  2,  p.  422,  or  Bull.  Soc.  Chim.  (1896)  [3]  i6»  p- 

1271. 

TITANIUM   AND   CARBON. 

TiC  is  produced  by  heating  together  TiOj  and  carbon  in  the  electric 
arc,  but  according  to  conditions  a  variety  of  compounds  may  result, 
some  containing  C,  Ti,  and  N.  A  current  of  1000  to  1200  amp.  and  70 
volts  is  required  for  this  reduction.  The  resulting  TiC  has  a  sp.  gr.  = 
4.25,  and  occurs  either  as  a  crystalline  aggregate  or  a  fused  mass  show- 
ing crystalline  fracture.  This  is  treated  with  HCl  to  remove  titanium. 
The  carbide  takes  fire  at  red  heat,  burning  with  so  much  heat  as  to  raise 
it  to  a  white  heat.  One  of  the  combinations  of  Ti,  C,  and  N  that  has 
been  studied  a  good  deal  has  this  formula  TiioQNs.  Joly  considers  this 
to  be  a  mixture  of  TiNs  and  TiC.  It  was  discovered  in  the  furnace  pro- 
ducts from  certain  titaniferous  ores. 

LITERATURE  (TiC). 

ScHiMER.    Titanium  carbide  in  pig-iron.    Chem.  News  (1887)  55,  p.  156,  and  Ber.  d. 

Chem.  Ges.  20,  rei  361,  and  Jsb.  Chem.  (1887)  p.  2522. 
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MoissAN.    Preparation  et  propri^t^s  du  titane.    C.  R.  (1895)  120,  p.  290,  or  Bull  Soc 

Chim.  (1895)  [3]  13,  p.  963. 

Concerning  the  niirO'Carlniies,  etc,^  see 

WoLLASTON.    Phil.  Trans.  (1823)  p.  400. 

Sandbergek.    Cyanstickstoff-Titan,  Pogg.  Ann.  der  Phys.  (1851)  83,  p.  596^  or  Jsb. 

Chem.  (1851),  p.  343. 
WoHLER.    Ueber  die  Nator  des  metallischen  Titans.    Ann.  Chem.  (1850)  73,  p.  34. 
WoHLER  and  Deville.    Ueber  die  Affinitat  zwischen  Stickstoff  und  Titan.     Ann. 

Chem.  (1857)  103,  p.  230^  or  Jsb.  Chem.  (157)  p.  173.    See  also 
Dammer,  Handbuch  der  Anorganischen  Chemie. 

TUNGSTEN  AND  CARBON. 

CWg  is  made  from  tungstic  acid  with  an  excess  of  carbon,  or  in  a  car- 
bon crucible.    The  carbon  in  excess  of  that  required  by  the  formula, 
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CWs,  is  given  up  as  gtaphite  on  cooling.  CWs  is  an  iron-gray  compoond, 
very  hard,  not  decomposed  by  atmospheric  moisture,  and  of  a  sp.  gr.  = 
16.06. 

LITERATURE. 

MoissAN.  Preparation  au  four  ^lectrique  de  qaelqoes  m^taux  refractotres ;  tungsttee, 
molybd^ne,  Tanadium.  Bull.  Soc  Chim.  [3]  11,  p.  857,  and  C.  R.  (1893)  1^6,  p. 
1225,  or  Abs.  J.  Chem.  Soc  (1893)  64,  pt  2,  p.  471. 

MoissAN.  Recherches  sur  le  tungst^ne.  Bull.  Soc.  Chim.  (1896)  [3]  16^  p.  1289,  and 
C.  R.  123,  II.  p.  13,  or  Ztechr.  Elektrochem.  (1896)  III,  p.  109. 

URANIUM   AND  CARBON. 

Commercial  uranium  oxide  is  purified  and  mixed  with  sugar-carbon 
and  submitted  to  the  action  of  a  current  of  900  amp.  and  50  volts  for 
five  to  ten  minutes.  The  operation  is  carried  on  in  a  carbon  crucible. 
CgUr^  is  the  product ;  crystalline ;  sp.  gr.  =  1128  ;  harder  than  quartz  but 
not  as  hard  as  corundum.  This  carbide  is  peculiar  in  its  decomposition 
with  water.  The  reaction  must  be  quite  complex,  for  the  products  are : 
Hg,  QHs,  CH4,  and  beside  these  there  are  produced  hydrocarbons,  liquid 
and  solid,  boiling  between  70"^  and  2oo°C.  Some  of  these  are  unsaturated 
bodies  which  will  reduce  alkaline  silver  solutions.  After  distilling  off 
the  hydrocarbons  mentioned  above,  a  bituminous  residue  remains.  Ur^Ci 
bums  in  Fl  by  gently  heating,  also  in  CI,  O,  NjO*,  and  Br,  at  temperatures 
between  350°  and  390°. 

LITERATURE. 

MoissAN.  Etude  du  carbure  d'uranium.  C.  R.  122,  p.  274,  or  Bull.  Soc  Chim.  [3]  11, 
p.  II,  or  Chem.  Centrbl.  (1896)  67,  pt.  i,  p.  640,  or  Abe.  J.  Chem.  Soc  (1896)  70^ 
pt  2,  p.  364. 

BuLLiBR  and  Bignon.    D.  R.  P.  77,166,  and  Ztschr.  Angew.  Chem.  (1894)  p.  655. 

VANADIUM  AND  CARBON. 

Vanadium  anhydride  and  sugar-carbon  subjected  to  the  action  of  a  cur- 
rent of  900  amp.  and  50  volts  for  nine  to  ten  minutes  in  the  electric  fur- 
nace yield  VaC ;  a  beautifully  crystalline  compound,  sp.  gr.  =  5.36, 
harder  than  quartz,  attacked  by  HNOs  in  the  cold.  It  burns  vigorously 
in  oxygen  at  a  dull  red  heat.  Becomes  incandescent  if  heated  to  500""  in 
an  atmosphere  of  CI. 

UTERATURE. 

MoissAN.    Preparation  au  four  ^lectrique  de  quelques  m^tauz  r^fractoires ;  tongstine, 

molybdine,  vanadium.    C.  R.  116^  p.  1225,  or  Abs.  J.  Chem.  Soc  (1893)  64,  pt  a,  p. 

471,  or  Bull.  Soc  Chim.  [3]  11,  p.  857. 
MoissAN.    Etude  de  la  fonte  et  du  carbure  de  vanadium.    C.  R.  122,  p.  1297,  or  Aba. 

J.  Chem.  Soc  (1896)  70,  pt  2,  p.  608,  or  Ztschr.  Elektrochem.  (1896)  III,  p.  92,  or 

Bull.  Soc  Chhn.  (1896)  [3],  16,  p.  1278. 
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YTTRIUM  AND  CARBON. 

Pettersson  first  made  this  carbide,  YQ.  It  has  a  specific  gravity  of 
4.13.  This  carbide  is  golden  yellow  on  a  fresh  fracture,  but  remains  so 
only  a  short  while,  as  the  moisture  of  the  air  attacks  it  The  halogens 
act  upon  it  in  the  cold.  Readily  attacked  by  acids.  Bums  in  oxygen 
and  in  the  vapors  of  sulphur  and  seleniimi.  In  making  YC^  in  the  electric 
furnace  more  heat  is  required  than  is  necessary  in  the  preparation  of  ce- 
rium carbide.  A  current  of  900  amp.  and  50  volts  effects  the  reduction 
in  about  six  minutes.  Vapors  of  the  metal  are  given  off  during  the  opera- 
tion. Water  decomposes  it  readily,  yielding  the  following  gases  :  — 
QH,  (71.  7%),  CH,  (19%),  QH,  (4.8%),  H,  (4.5%). 

LITERATURE. 
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